JjVI uUI 

JaW) 1^11 i d A j Ji A 

O jrtfllldUjdUll Jii 





JjVI UA\ 

(J^ji^aJI 


LjUkL-oJl 




JjlJI 


n 

ro 

n 

rr 

h 

11 

n 

vi 


<xjLa 

Aj_1.1«.<]l JiujlIj-all ^j'li <ViH jl^A 
l iL^ill ^Xuil^oll 4s -Luo 
L. iLrflll S^)_^u|La 1 ^3 :J 

l tli^l l ^Lujl^a dlljL^J ^ i j ~w"- 

4»Uj-i«1) 

jAjll OjAa. j^jA AC. Ijbad 

jl^all f^ya AS. Luo 

‘tlaliJl Jll^oll £ja jy*i\yu.\ 


\ 

Y 

r 

i 


i 

v 

A 

1 


AV 


1$"'la•*.'-*j ^luil^all , \ )Ia 










JjVI vUll 

ml' : i^D i iUa 

ud j+ai\ aL*J dUU Jaj 

Be-liSj bAjaJI AjjIja dlljldk] c-lj^J _jA l^jja jjflj jj^JjaII A£.liua Jjljj Ait- 

* *■ 

<S ttfctl ^ ±*M Ajl AA 1 {jA uill j ^jl / lj% <u]t lIj'vI a.li4_oj 

I fllljk.4 ClIjLjJ-kYl (JajJ 4jjX4j a!Aj^& lUjJI l-l$J A^JU Ajli <il3ilj . (JSIjIIj 
* * * 
(jalj jl L$iaijidj jjill U 4 L jrlijVI aIblJa l jSoa lA-iJ (jjJij JJ-uiIjaII pljj! 

Ajjn-iall A Ufljl lijAuuaJ Ajj^aiaII <L*jjUiil dll-i. j-iIjaII Loj aAA JaAiIj . ^jIuiaII 1 flj'f- 

^ j.aia l*]jLaj ^yj]! AjIjA]I dlliuoljAll j! ^Atld^JI ijijji AajliJIJ Aa^jAU AaUJI 

A /S 1 -^ ' Si 1 I ^auV ^jl *J jAj (ISO) ^amu ^a_c> 1 Will ijljj a W a a ^ 

t t t 

jl (ASTM) a_£jjaVI iAjILuoIjaII jl (International standardization Orgoniztion) 

} (API) Jjjdll a^a dli-IjA j\ (BS) A_}>jUiV 1 j (DIN) ^JUVI 

1 j-jlc. jiljj Jjjll ^tAiail dll a »<plj-a j) (AWWA) ( _ s £jjaYI bLia!I Jliui! Ai»Jj dlli ^ al yA 

* 

AjjIajSJI ‘ * y A VI A_unjjj Auui. bAj^JI A^aIjji diljllikl Ja Ait . (jjfi /liail 

e 

CjLiotaljAll ^ j^a hj .aIjuVIj ^1*11 (JSmJIj Ai* nL3lj Aj£^Lu<ijjAj$JIj AjSojISjaIIj 
* 

dll jl iA v] q\ (_$ji9 . L$j| ja] Jajua lilliSj 0 A 1 a 11 Qa Jab-a £-jil I_ 5 >au ^yill dljldiwVI 
(Jal 1 uiAjj ’/. 1 * * A im ‘11 Ia»iAalb iJaju .^All jjaIjaII ^ylc- (Jjaj ^^SajLLuijjAj^JI K4 i.Vml 1 

. jlAjvjyij <Jakj Jjjjl j^uiIjaII 

Ails JSlAiij ^ tliI' ^aujI_^a11 ajLb^J JjVI ^UaII !■***- bajjJI ajaI^ja duL^ j 

— I 

A aA^ luujl aJsaJIj ^daJ . JSLill jjA AjUaII aIj^hj ^»Uaj -All'll jj *'-kj jjl ubj 

« £ 

aLbUJI aIj*1I (ja jl A j ' ^ " j-i c. aIjaII jl a j'iAjlaII aIjaII Aja L*j d^uall bLiaj bLlaII Jaj 

. ( ) ) Jjdx 

QjaII <_iLmJI jJA j_1-«1ja1I (Ja-uu A_UA_«a1! aIjaII ^ja Jl j >«Ija11 

^ vi aji i<ni (jii (jA ^ji <iL^yu u^Luii 

_ 



dliil J -4 Jij j-U-ul ^0 Is jlftl 


Jikjj ^1 "k ^ djUuij ^lJ^J-aII 4_£1±jJI ^3 LojLujI ^kJJkXuu <j*jLaa]l JJ-ujIj^o Lai Cjl£x*lll 

* 

. ■>■ a]I f_yaa 1 ic-lli^a 


a^LulJI ijjUil ^)±*uljJl Jauj jjoM £y* 

c t. t t 

. ^Lul^aj >_}L_£aJl ^jljI^uiVi (JjjJJ j I I. iLi^all VL) AjLjLui *GLui^jikJ Ij 

i^ilij (JjJjjJ C5^ (J-** -6 ^J±Lw>LJI ja JaaoJj ALal^ll j|j_JI ^ja ^Luiljdl 

_j \"k fill ^yA ^)J-ujIjpqIIj (GRP) ^Lt^ll JJ-uuj ^yJ^ill 

^LiJlj ^jauIjaII jj*d!l jIj* p) Jj-i* 


<JUU. i\jA 

1 

‘Ujjjui j|>a 

1 

buiJUA 

oM yy. ‘tr“ ‘tri 

Ajjlc. IjLi^^. 

ijjy. l£ s- 1 ^ 

>^i! ^ ‘O^JLH Jjj 

a -kK>i4 AjLuj^k. 

ay j*j 

^_^Lsh_j)ii ; cj ^\\\ 

J 1 ^ ^ y 1 AjjLu Aj LujjJk. 

^jlLa i 


« 

(_f JlUj jAj 


bi,',-. ^ o (jA.ui Ja ^ tjC- Jjjj < jlLsli JJ*uljJl ^n! 

* « 

oLbJl JLl L.^3 Loj ciiJjj k* *>i lb oLlJI bJflj ^_y3 ^-XuiljJI ^, 1 %luaJ j *^>-i£l jl (_£>■?■ 
Cjlc^ill ^3 jl 4 ^_Lui ^3 _jl aA jju aVvujI* Lljliu*-a ^Jl a Lid l Jiuj ^lllj AJ^UJ^)ll 

e < 

. jliajVU (_Ja*j3 i. a j-.^-tti oLl» Jflj jAwl y* Lol . till! ^1 A^Uali {ya aL-ojJI 

f 

j ^ id (j a ^ \ (J? j ~’ v ^ ^ A. ^Jj$Lu- 3 3a> 4^ij 1^ 1 v _J llaft V ol J d l ifljl iA 

^ £ 

^>J-«illj-4 ^ 1 ^I■ ■■' »J j ffil jUai^Uj . (<JjjJI A_LiljiC. <3 La, jji J (Juj ’IJ m u jV'j (') 

jiSVt (_jA ,-_•] >a!l jAjll_) t_iLJ I b<mj • t-^ Lcil l biblui 

jlUa^/lj I .^H ^ Jj « mlj la ii^ n ) bJUl Ja j« . 'r»H ^-j m l ' o 




jjVi yUJi 


*. 

*' ...*71 .11 J J i„lj * ^,X y A -u 1 (_£_^ ^ Jlj-a (Jj « jjl la* oa i*'J ^^-a 1 * * Jya Jal j 

. (JjLjj (jljill jOuJ_J«a ^.A ~>~1».l I A-ljiJI Cjlejall (_y3j - (Ju V^JJjallj 

^'■»^l ^tajJl jLiill jJ-olj-a - 1 almJ >o_ijjoaJI aLw Jill jljLai VI -la^laa. jji ij 

jUaiVJ A_aluuall AjLuijall jJoulj^a jl ^a V* * ^ja (Jsl jUaiVJ dikLui Vail _JJoiil^oa jl jUaiVI 

ft t 

V 1 ^j-a Ja! jlia2V Ajjlull AjL-ijall jl ajajSII 

laaoiall UjU-. ^2 ^aLajll >_tju-JLl ^tLuu«!l jlm jl ^^J^illj t^Llu:V-i]l j±J\ya -1A■ <u 

•jl.iajVlj 

CjL^-j-il'j jU-£ll Ji-a jtjalllj _jAool_^all (j-a ( *jjjjll CiK' ilij flLJI (JjLj lajlai. 

a-lljjj (Jj i> .7 ill * Ij j (joJ La-all ^J<a Aall-a a p-ljjl Awa £tll . „. t__U Vuoallj < LllLu-allj 

jjojLa_aj (JjoaC- (J" jl a pl_jA (jojLa_a { ^A ^JojLa—all oAAj ‘ ~ ]l£j A'Uj ^lll la^Jaa otliS 

. ,lni»iV-ill jjic. <lail~> all (jojlaa-aj f-jjkj ^AC- (jojlaoaj ^AjuSL-^ (Ja2 

jji £AaJJj laiooall •> £-a jjaJJ ^jllj Aj 2 (—lljLall «.lj_gll Lajlj j_gj "1 %j «Lall 

J-lool_^all £ooa_j3j c[yfc (JajLaoaJ OLc-UjjVI <J£ ^1^1 -JJ-uil^oll laa. (^2 A a t~.J-a AlaSJ 

* 

C.l\ -a aLlIj (jl^l ^flj C-lj^ll Jjjo^j tjjj >»al aL-all lajixkl ® * * ’. 7 (Jc. V <_J-ioaJ 

« I 

j\ U<\\ e- *>LLa] .Vi r. (jj^J jl^ -Lc.j>J A_aJLflJI ^aliL^— a 

c-lijl ^j-a o^jjL^a CjIxaS A % Iflll cl^Jl ^ a a oj La£ . Ajuj^j 

AjjSLm i.iknAOj T 1 >—aL-qj ^j-o ^ &J jA«-Vlli j\ (JjaalilII . (Jj*iTiu3i 

A ( 

(_)ojla-a|l »AA ^)la3 • ^VooaVI jl AjUoall cljjl laall ^j-a ^_ajj-aJI ^jl^aV A-Lo-La 1 -all laiill ^2 

* 1 

^yjjV Dj[_^Alljoll j y O^lc’ 

^ ^ ^JA ij J ^ia-ix «>i A (J*til ^ ^.fc>ljJ I— 

* 1 

fXaJLuii ojLc. jlajjVI AlLa (ji (ji^l ^l-^y jl Ajl J'onll <joaljX.V laall ^j-a CjLc-UaS 
. ^A V* * (jc- ojjoaLall ^)]a3 Jjjj Lajic. ijjiiiLall ^>laS ^ Jy jl aA 2 AjjSou (jaia a 

t 

^3 laa-tVill a^a^ll ^J_alouJ j^jllj lo*4all jjic. Alajlaoall jl laiooall ^uaia. | _yijLaoa 

oAi jji A -"A, A Im-Jl ^jojLv-allj A \ >n jljll (Jiill lajleia ^2 ^ ~l A 1 ml i2j LaLol ^ajjjJill ASLuo 

t 

, ejjSlIjI Al.1Jill (jojla-a ^A Allall 





oLJU JSj 40 Jo 


(JjfcliJI Joe. jl 4 _iaU-i1' ^ja alaJl Jdc- a* si lj £-^OkjJI j»JLc. il -* * 

t t 

L_ilj j\ A_1a1]o 1I L_t3 IjJ Jjc- oLiJI jljLjjl ^ba (_£jjjba)l f - j Lsbi-C- 

'■ J, flN ( *j J d < \ ^4j.‘)jJI laj JaaJl j^lc. CjliUiaV^ (JajC. £j» IaA 

(water 4_ul*ll £iJ (JujLmII Jiil i-iiajJI ijiijl kibaj (Hydraulic Surge) 

. Hommer) 

rtJjjdl ^oJJ £mO}\ jt^a -1 

J_iC. ^\yAj jjiujjsJIJ diJ ja£ll Ig-1A 1 ull^ujl ^ja 4_ia£ jjJ jl i lUaj'l : UaJLdll ~ I 

* « 

C_ulj_iallj qa (jiaLi. L^J-S (jlj-ji jjS I—iLoJI ^iuj • 4 j i 1» » 

(Steellngots) Ji£ JLi ^ >_iLaH ^abj (Hematite- Fc>2 O^) .bbadl Ja£] (JjAVI 

, Aill _a$_a. IJA (J.rtaj Laj ublyjl AouU 



£ufi1_>adl tfjalfl J£«il jUjll >jll »jai* 


U 





JiiJl ^iajj jj-ojl jAjJI (ji S^i* Sjj^a (T) Jii 


Jic-j X'H, H ^ Ji£\ ijj: i^j (Stainless Steel) ^jlL»ll L-iluail (i) 

t *■ 

a ^-MaLiC' t-■aL,*nL\ <_iiL-J*ajj • / *, * T 0 j JL-ij / * f \ ^ja 

JSjJlII lJL^j tiLSLSj ^ku: cJSIj £_uy ^jjS3l Jl* (Alloying elements) 
jjJ la_k ^jjljL^ll oAA Altai jyi-JJj . <-ajULaj (Toughness) aaX-aJl ijJ sabjj 

L»£ . X TX —jica ^jjj L» JSjill j X W — £ (jjj L <j*nj C.ur> 

-j ' j 1 ;'j (JaLvill (j-liajJl tpjSjlj mil (JIa (jjl*Jl -J^kHJ 

t 

^Jl ojjjSJI jjAik Ajkjljj (jlS (Ceruirn) ^jjjjiill 4iU^j (jl L»£ . 4 j*Sj ^Kjall 

. Ajx jjiiiJl Jii (Ja^ukjj *, • * 6 

* 

LllljjLajSJI JqIa ^ialj^.1 <LC.liuaj elxJl clililj-3. ^ ^XaJLuU t_jL^all 

t t 

. ClIjl.^.llj ^SajIIj (juUiil a3^-i.lj Cslaljjllj (jiola-JI f-l_^jl 




oLkil £_i j jjj JiL. 


CiL^j l \ Jljp. Jft (jjiaj :(Carbon Steel) i-iL-all (Y) 

L^jSlj AiLaaa t*l mjl Jxoliajl ai&j itlnji^ll j Jj° “*j-»'lJ j/'T-jailj V"" (j^» ~JJ « ■ ^ 
AjA-ail .3 J iuSI (.—u!j_ui (ja j)J^» >11 SV1 aIIjYj < iLail ^LuV JjJjJI jl |»Lall t, uljau 

_>-aL*JI (ja ljjjjSJIj j_yLujiJI (ja uuljLJl (Fes). AjAu-aJI auaim u±jlj_i (j» jl (Feo) 

i t 

La (J 3 I y u a h *ll oAJfc Au_uU (jjSLl (jl i—llWij LaJ JJ 3 all LiLf^VL ajl jjall 

t t t it 

jljjJI jl ^jjjlli. 'll l jl jj ajlVI ja "ajAJLua l1iLla£ AiL^l jl Jj_aj (jl Lx£ . jiLu 

l 

■ U-lL<-i1l jA*a (jaalja. j jifallj jJaaaS'yi 4jljV 

£u1j ^jUaall AjA_all j£Jj .jt-gauaj'^l Alajaj ^a: (jl uuau Laj-a-C. 1 ll.oli A_C.litaj 

. AjLall Allal) Jljla.'yi-l 

:(Cast Iron) : jA j}\ Jj Ja£>I cicUttf -k-i 

fi 

ja 3j 3 all A.C-Aao jl^jil ja ^tjLill ^^-UmLaAII (yu3| .3uAa.ll Ju£ ja AjA_all 

jljAl (_yi Jg A*J _>AjIl Llll£j_UiLa aAjall AjA-aJI l^ull Ij LVa a AjAalt j»la. 

* 

jAllj jjLajll jJkjll j& Lljuuall ^uLi jli jja.1 J-aallC. AiLaaj ^l£- jJLa . ^>Aj]l 

3 - U>'i aj 7. *, ) (jia. CijiSj 'Li —) ja (j j^jlj-ui j / F, 0 — Y A_iuij j_y_j£ { _^s~ jjAa-) 

jj£)\)u]l L_iL«aJ iSj X *, • V — • f *1 (ja 
j*a)_j-a jAuuauJ t Y AjA_a ^ 

L_iL<aj l'u-> (JSDl 4u>jlia (ji jAjl^ 
j - 'jj '^11 lal . (Fe Si) jjSuluii j^ys 

i^^Luu ^axauj /‘)S A j j j. 1 s 1 i a i l a 

i °» (JjIju J-llalall (ja Au.a£ 4iLaaL 

V Jli 

luLaaJl yi (« J htal Sjjia SJJafl 

_ —__ u 





jy/l wiUll 


:(Ductile Cast Iron) : jAJJt (\) 

(jj-JI ^>Aj>ll jji CujlJjil Jii ijSlj (_S-lCajll jAj>ll l —J^- 9 y* (j>JI jAjJl <^jL jSLa 

t- 

(J j ^ajJ I jt (_$jjV1 JSmSI ^ jj£L) uia. <_$ jLajit (ji jA La i—iliLkj iSjjS jjjSo 

(j-a (jm %j Jl ?lj— aJI jSLi ^ j j i tllj . (Flakes) 

^)A_)]I [jli viL! jl ^jl—a^jll __>Aj>ll (jiilj Ajjjxll A-S-na <jUaC.l_5 __>A_^U 4 ^uKjdl 

Lmiljx Ala -y Lax La A_ 2 kjJ C_lluallj (jjjLa^l _^)A__)]I 4 f'l "' < \.' ■ — a- A] Q_>x]I 

A. .1 <iuJ ^j-Lixixxil Ja .x ASLxaU 4_C.liuaj . aLJxll Alibi] j 1 -djxll 4 r. 1 'i, --i 1 

blli£ ^jSjaJj sjilLx lilluJj 1 j ,liX3 (_I±S (jjjLa^l jA__)ll JJ^Ijva JJ ‘L ^, 0 — ^ ajj»< g 

jA ejlc. ^ikiuLslI (j53j CusIjjJI jj j»iS] (Ceruim) jx*-« AjLiaj 

• _>*__)]] ‘ L5^Lajll jAjil ^>jSx ^Laa jjjjj ^ Y j ^ (J&i i_JuH£il] 3 

: j ^ .a l aaJI (T) 

jdLali bfcj /{ ^ i, 0 J*xaj .13 QjSjIuJI <3* ^gj") > all (jll _yA_)^ jjll I j-A ^ 

. (Brinell Hardness) aj}L<»1I Jl AiLa^b (Abraison) JShll aJI c. ixjlLa aJ 

< 

dlVaLixlt Cn8 llj ^a-uljjall ^Ijjt ij ^_)ajl *a allj dilj_xilaJl A_C.Ui«a mJj 

. CjljjaDI ajjLl£]1 Ax.liua]t ^ CjbljAllj j ajjIj^JI 

(Alloyed Castlron)^AjJl(f) 

* 

^jjjLuiJI i(jalaj]l tJSajll (JiLa jA jhl AiUiaL 

A] L_ituaJ t ~. J.j.% l_iLxijI Ac- 1 u«al Axl "h ^ Jjl ^jx y-_^1 j 1 LlA - s f V • ^J| _' ■ - i, ^ uni J 
AjIUII AjajlLall A_Lx« A) jijlj UJa> AjjLa^l iIiLc-l'u<-ill ^ ^ \ At mj Lxi . 

. Axii-iall AxjUxj AjjLiil jjx-v“dl ajSj (WeeT) ‘ jllll ,1 x (Jx^Jillj (JSL11 Axjlixj ajl^all 







: jAjllj ULoTI ^ Ul ytf Ji --> 


i" 1J*V Aj s " k l l 1 Ai- j^A A Ail lljJa t llx^xll ^^ajL^xjx l iljikJ 

A j- u/il b 1 IV — ^ Y ^ja LS^J ^ ^ (_y^) i.alinll jji AjAa 3I A_i«uij 

t t 

<Jll£ jV IjJaj ; i->-a-l] 4_uulL AjA^aJl lA-C. (_£jA.V! j^taljkJl aAA 4 ini . Qjjl] 

^jjil jljJI ^ja t_ulj_iJI 4j_u»j ^jla ^DaJ V, A1 aja^I! ajLxSj X, £ j 


^ JSl-ili (jiajjtall ^ limit jli ^UaJ .jAjll Ia_*. a j j 1 £ <jj£j ^ <J-wjJll 4-)AjAjk 

* 

. 1-lLaU ^ limit ^ja ^jjSL 


. jjj_jJj£llt 1—tl.mll J&a ^iaLa (V) JSLAi 


4L& j^VI CiU*?!JAli liubjjl_$ wJ^ll <u £J l & i i j 4 j^U*£I 0 

,^AJj]|j < iL^U AjjLxjSJI JjAii 

jjjjJjSJ] ‘ 'l-i" Aj^uKj-all (V) (JjAi. 

•jjjJlj iJaUjII jAjll AjSLulibttjl JtAajJ (t)Jj^ 

. l ll.iill aJJI Ag-ij <jSajl£xalt jj.aljiJI jj ( a ) (JjAa. 



JjVl k-jL-JI 


4*i«aU 4jj,UjSil (Y) JjJa 
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i>LkU tjkj, jJu-ul Jo 


A, B AajJ ciLfllJ ^uSJUiJij Ajjluil! (©) JjJa 

(API-51) JllmJI •*$««• (ASTM-63) AjSjj^V! 


l&J 

A*J>* 

LT J ' 

iili 

/JJ=J 

<~ajJ 

A*J>• 



jaI^Ia 

ohA 


(jluJI 

T* * « « 

£A*« • 

*,*1 

S ’ 0 

*A° 

\Y° 

A 

ASTM -53 

Vo* * * 
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\ * Y 

0 

\Y 

•A 
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(A) Laj±1\ 6 ^J (A) Aagill o-t >iSl jlfA,l I 4 ] (B) A-kjill 

AiLl Ijiau JjL_d1 fjls. J!L« ClL»I.L-i 1 „.vt (jtaMj ^ ALA-i a 

■ AJjjj* jlStj AulwA Jil (JJJUil! Jxau Uj . i j » j £J1 sS" '*" 

t 

^-1 m \ l /’j $£-> Ajjjjoll A-v.^-iLa. t j >a!) L» ^Jtil jjj 

* 

^ ^.Ijuj oii Ajjj^ll A_woLa» uiil£ ,jij ^C-jluall (jjxll (j* (J^ 

A j juoLall a.!4> ^.1 ju3j ^J.Y» a 1.1 Ajj__>vaU AJVj _^A Ail Ia~i mVI ^}1 lJi -tjj • __)ll 

(j&*J Ajli ( j >a!l yA >11 p-uil va Lg lc. ejjiLoll (JjljLijAVi jjJI AjLuaVU . i_£jL»_>ll 
oj^ujLJI AjLfj (JA AjLa. ^La ^JU UJA . aJslUiUj Ai$_ul A_JJ-aJ cUj'J Ajj_>*M A_LA-aLa. Lf lc. 

AlLk ^3 . ( £ ) JiuJI Ia£ A_fllaJ] ^jijlSAAll iol. ii it* 1 V' © <jiaJ aj 

. jAJ>^ AjjJA (_yic. (J^ _>*£ UJ±! _^Ia4ll '/ Y (_y^ ^5 j iK ul l 


YY 








JjVi 


iinviviwiii!\v\\\\v\\v\w>'v 



<*i^*11 JfcJll 5j>«ui ijjjJ! Aj^s\a jUiil (t) JiiS 

:^ Ufc‘J l cJuLm^ - wA 

Ajjiuill (jul a. a ^3 A jl ^11 A«uals.j CjLIjjIIj il -v aII A r.\\. ^ ^3 ^ 1-v‘il l ;Jjl_uc Ji Ju 

j^al*ll ^‘u-gLj Jij (Red Brass) VI ^Lajll ^jj-aj ^jjll (Jiill j 
ijiua-* (ji AiaJlj a^oUJt (>» ^ <x.lw> jjlS jlj) (Yellow Brass) JyjkJl j-i^aVI 
. (JShll (ji (_jjs aja.j ^a*l l-ujiLlJI jA ^ Jiill 

<J Annuli (^inTk a ^ Jill I Ajl*j A 111 il ^ 

. (_juXxa 11 Jji nil Alj^nl lilljj ^Ajll (ja ajlc. ,'; j£j (Jiaa-dl »j'-» 

(j«Ujll . JSbll AxjlL* aIj (Semi Noble) (jiuu <iui ja»j« L» -La. i*j 

A-j m jj dlljll £<# (juLa-ill . JSLulIj dlijll Jl-« (jjl*_A (j-a aSjjim Jiu ^ sjlc. (jj^J 

l V * AjaiUJ dljjj l V * A-luU-j (j«La-illj (jul^ill A^Jlm JjSj dljj / )0 (jjulaJ t A© 

« « 

JSaill jl dljjll AlLal .Jjjjjll a£lul J_jSj Jfmll £j> (juta-ill (_>«Laj]| ASufm 

Jj-la. JStall tg-iajlLa (3* JlSy jl£ (jl? ^Sdluil] AjfLljliiJI (_>* J*4AJ (juli-ill Jl 

• 0 ) 

rr _ 



oLii .1 Jaj j I ■-'!Jojiii 


CjVjUJIj 4-SLj.mil ^ jjuLaall liljLi-ui Vl«/) 

* t- 

^ Sjji (JoL*-dl jJlSI ja jjuLaaJI ■ tSl^Luii 4_c.lima 'ill (Ji..ijj . 4jjlj_aJI 

lSjL^'j (ji V * ^ij (j-Ujll (jlati Ijj . Ljj'j-aitj 

■ (y) (JjA»Jl (ji US JaUUI jjib ejja oj& 

(_^LaJJl djliut (ji mj CjUj£* () JjJa 




liljj 

(jiiUJ 


^- 


i • 

^0 

A® 

Red Brass 

y*. vl [juL^J 


> • 

r* 

V* 

Yellow Brass 

a 1 -^1 




V 

Nickel Bronze 




Yo 

1® 

Nickel Brass 




n 

V 

Naral Brass 



(_^UolU Ajjll* £jU«U (V) (Jj-lA 



Ja-ajSJl 
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VY 

i—l_AO 

0*1 
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Yr 
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>v->r 
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jjV' k T i 4-N 


(Steel Pipe ManiFacture) j* AcUtf-T 

* 

<Jj£ulJ frljjl A al*) -y a i—lUlAn £Ujj 1—iLall ^IjJI qa c_lLall yA ( *4^j 

Ij.Wil.nk jljj Gja (Tempering) ^ (Steel Ingots) id^It 

. sAjSluI^laII 

* < 
Db j\ (Seamless) \*J1 JiLa a ah ^ a ^ > laj o * 4 — 1 

^Vuqj jUaiVl - (Electric Resistance Welding- Erw) ^>^51 

* 

j_$_ucx]l ^LJj jl (Submerged Arcwelding. SAW) jj-Ai-JI fLaJIb M 

(jj*j jjaJu&I ^jill |.LaJ ^ .(Spirel Fusion Welding. SFW) (jJjJlaJ! 

jiLaJil A _a^Lc. Q_j$Ll 3 luallj «l ^Hl 1 *'J ' ajj-uLall Jjdaj 4_jJ_jla »1 ^ IV 

. j»tail CiL»!i(c. V (juLfull j»laJ .. AjjjJ)!*. 

r-_jl f_ya jju I^Jj-a -* ■«)' j jjJjiall ^1 -till Aixuiljj a y “CiJl ajj_*uLall __>ia3 

t t t * 

Jjlo (jit jd^l _jl i»LaJ ^jjLLa^-e. lH>^ 1 i. iLfc^» ^»LaJ 5 JIa ^yi V] 


‘ LoAj (jjifljjla j<til 1 (—lluali yy - 1 y* I ( ^ j 

^hjV Llikiul JiSVI (_yAj (Hot Rotating Piercing) ^jkLJI jljJI jljjLi.^1 

, 4jla1nmj t-jU-. ^3 'y ^‘' - ^•>■ ' '» 1 j CjlxlaJ IgJ ' ^ jl— V jjillj jjuLaiuill yyulyA 

■ (j,ilaj.Ji ij^uiU j-bj'V (Extrusion) jawII jaj 

t- 

jljpa i'] jJj ...*iU \ j; jl^a .'] jju 4_UJ ^il A_*jLLcJLi ‘ _ 'I- —II aJ^uiLa I — 


r j (Skelp) -uljyi jli ^IjL-VI JLill J CJ UI Jjiii 

JvLk jLoll ^yjjLuil v—lLoll A-AjLLa (jc. 4_ajljll 6jlj_aJlj Vix iXllj L*-^» U.J ^ >n 

. ^laill jlj-o ^Fkriml (jjjj ^LaHI ^ (~ij■> <kljiall ClUljjll 



■>LlU Jfij jJjaiI jj is jt-i-t 


ci A * 1 '" 1 U J 3 Ls 3 £jl pA«H~1 fJJ .(*laJ iij-o QjOj jAlmslI ^»LaUI (X) 

«(Jjiljj j»iJ (JJ A . i j * j 1 I jji p<a i- llxall £jl £jj-i. .^'UV tjlj_a. 

. (welded seam) A«iUj ^U! djua. 

(SAW) jj-oAaII {jujillj ^Lili AJLijlaj ^lua!i ' £ T jj« jj^l A*^al_a.j ajjj^li jlUaVl 
<jjj^Lkll CiL»LaJJ (SFW) jijjLall j ^■—11 ^laJL jl ** jljUll l1iL«IaU 4 < ...~\U j tilljj 

t 

. AjjjjLa. jl AsljJa La] ^lajjl tliLa^Lc. jjSl illVlaJl oAA gij 

^\\ . S \ 1 (jiaj w-ii-t £-jlll (_psjc -j ejjiuLall jla3 43^1* V ^jjiall ^LaJJl gk 

oJ jmjLoII jdaSj ulwai! ^jl jiajc- j^jjj A jLoall Ajjlxlt Aiuijll .jX« Y, ® j L.g; ajjuLa 

. ^ : T, o 11 : Y ^a ^jjall ^laAJLi 

£-a (Rolling) Al9j.il Ij ejjjiiLall ajIii-uiV ^jL^jJl j»Lail! LliLjLa c. Ajo 

, bLia]! Li ,'^,J ■n j H jlu^V'j jLjjJ 

:fl^fcUU J^l^il AtfV w tf* -w 

jUaSVl dllj J-j .alkali ^Lsj .lie- ^Lalll jlj^a iA ^ ...1 \ ^jjAp! ^L^lll ^Ji sj_al)l J_S 

jiaiilj i—iLwall ^Ijll JjSuIl) j»~lUij . l1iLI. 1*£ Llli. ^lr\ Uij Jjjllj i ("t Y /_yi j_i£l) aj _' j£31 
, uS^l (Jj-^sjjl ^j-kisjjdl ^Liillj jjjljliuiVI (Jiill Jjljlall ,j'l •a 111 (_£j_aj ^ . i_Jjlia«ali 

-jli-C-i .1 »i jj ^lallj ^^jLkll ^Uili c-lj-a.] ( »ll aILsJI aJ lA . Llijls A_aj_^X«ll 

i ilyUlj OLl^ill 

. ^SjaII ^ jl <djjll (ji ‘-iL-ali g>« ^Joill ^aj'u^l ^sj-iill ^Laill ^a^iuu LoS 

£ t 

OLal-Tklli (Ja_C- £y* j^i Loj ^jji ^ * ^9 J-cjC- j ‘V 

J^ia ^^1^ £-UjjV!j i 4jjLiO-aj <-aJku-o -Ajj-lill ^Lalll (jjSjj • AA^jLaJl 

• JaJaa 




JjVt uUI 


:CjI-A£ l’> tdal j*\j(l!l ^^onl OU^JI Tf > - m s^ 

. (ijii : ^yjVLS . iLJI t-^j iiLuJ liiL CjLI^iII j' j j»jj 

. (I — 0 ) jjili liiiui l Inin ^lajjll <•> ''.l3 (JaC. ^2j j»A X (iliixi ^^JlSk. 

. (l_j —0^ »jj3 ijji !»JU ( x ' 4 ^ ( -^ Aul O* 

* (-?> ®) (J£ui qa aj_j3 (^3 aj *3 ^Lii]l ^i) ^a ^ ^A 0 tilxxi ^ja 

JjLI i'lJ V . \ )-a. (J£xi ^jk - «U^,U \ j j 3 y' ^i) ^A ^ ^ "■ -v ^a ) ' lilaxi ^ja 

.{j-o)(J£i 

(J£-i [jJJjl_?J1 QA V l_ij_». (Jil (ji L-HjLj 1 ^'ll l_iixuJl (jjfL fA y * ^ 1 lilx <11 (jx 

■<-*-°) 

* 

. —0^ (J£ui U l—(JSii ttlinC-V jjJllLkll (ja (__ijauij| (j_j^ fA X * (jx tilxxi (jx 




AjjXlil CiLxlalM («) Jii 


(a) jis -.-uljdlj (LapJoints) 


^JvIiii'.lI c_)j_£j jjfljj ■ L"iljl j'lll t aliir j ^jj ^ >l.nll jj-x -jj - li. J I_JJ_£jJI j>L_aJ 

. !•»» <>JI olajJ ^ ^LaJJl j»JJ Li£ . jJJjLxll liLtiu L i»/jn 0—V (jc. <Jaj V A_a.LxxJ ^jjxj.aixll 

.(i-n) jii 



o Ui.) J&j jj -"I 

& "■ C 

IL_1 — JlSiil £tlxuilj ^>J *<■» aj QjJU ^Laill CjLjiiaJ] l_jUaVI Jj ■ -*y 

t f- 

AjSjjILuiI JlaA-V LudJl (_ya J*3 ^.Ic. 4 JIa j_gi I. tl^ii jjjJU ^laill T 
— 1) J£« (—uLii (j* uiU iu l l Ja*j ^ Y * —^ * qa ^.U-ul 4 JLa u& . — 1^ J^ ■'■ 

• (j — ^) (JIAjIa (jjo L_LLulil (_U*J pjji Y * (jja Jj£l tiLuJI ilLi. 


wwwww 


( J ) 


Innnnt 


R 


CE 




H 



0) 


r////////// 


0) 


w//////// 


12J/U2 ILL 


R 


XaUUlj uijSjll aUJ (1) Jii 

(A) Jjii, ^liljl jIul4j (juLVl jj.liua LJt■ 111 la'll ^La>lll ‘jlL-u i^Lan 


* 

A (jj» ^jjSI 

A- 1 

1 - i 

t - Y 

R LT^ 

zj.lt. .all 

1-o 

0 

i 

r 

R 

^ ^LJJ! ^n...ji.i 


-I all .i — Y ^LijjLj |»l_aJll iik ^ylc. ^ Y • — Yo ( /y ( <jj |jj ^LaXll k^lLu_j!_!.«-■> 

- (Y/J J<^ jl (_juLaj]l uLli^ 1 \a |»LaAJ! dlL< /jji 


YA 















JjVi uUi 


AA7WWV 




tfjjyll jLuu» (V) (Jii 

Brazing And Soldering Olcl ^J1<,jJUj(»bdi51 - Jb 

jAjll A j'SjlKj.all Cj!/LaojJI ^ CjU.!jsJI ^LaJJI a^aLj mi 

< 

AjlaA Lo 4_laSJ ^UJ 4,Sj \m vlll ^j-a IjA *h 1 *>ijj * 

(tt 

• (Solders) aSu_u^ _^l jl jl ^a (JjSjj ^ £ * * 

Ujl^—aj 1 AlaU ^LaJ A^j_l*-*j ^ A *w"\ I.-' I 4 J ^^ ^ ^ ^ \ ^1 ' ^LaJll Aic*^ 

« 

• A^afill tL Eull tjxL^L«ll ‘ ^j"ladl liljliw JiLo (Brazing) A*ij_^a 

:fkLxU1 o.IaT LjiatJCU olj L^> V) -j 

lAjj'Vl t \ >]alL « 1 -»■ 111 oc-liS (j£- I_ Lu£ll 

4 14 j->.l 1 jjiil dilc-ljillj 1 1 jflViW 1 a ^’.r _ v fl^jLlll ^J\ai cIjja ; (_j_jAlitj| ^JuiSll $ 

. utjUil uj^ (\c. l .ic&I Ij |»U11I ^Uaij] j»ac. iil3j5j 

. 4 a! aJ (jjjjl ^.IjcaII ^a 4,‘u.c. (jlc- j’ } ‘~ 1 ^ (_£j_aJj ^ 

AiUaluVIj J-ill Ij-aJ A**aLaJI CjljUliVl tlui. Aiudl <■ ^ -1 -kill Jaik ,-'i 

AA-aJ—<all oji diljliL^j Jj AiLdVh I.1A . ^Lxlll i->*> ^'.c. AjJ^aC. f-i iv Ai Ajjljj 

l^.jlua, ijc. Jil V a j^jiKjall CjljUii.VI ^jbj ujSj j'l t-j.vjj . (Impact j Hardness) 

. (JjLalai (jj^J (JkLVI ^J-IxaI 

l VI j»ac.j (jjjtt mllj dlr-lj-illj AjaUjll (jc. i—ii£ll £y* oJAj AjL*jil ^ 

.^u£ ^LiJ dlu ^Lilli (j£- L tAjSlI . I_IjlylJI ^ja (_J_jJJkjailj 

X<\ _ 



oLJ«l Jii Ja^iaik 


' ®(_j 3 alxji ■''*' (jillj ; gjfjjjlgikjj "i j l nS. $jt 


i-j j i 'H j j ji iI I f^jc. t 11:(ultrasonic) ** l~' 1 h ^ Vl ^ 

(_yia. <jjJjt« jjiJI i_ulj2i!lj Cjlcljallj 

jjX-uJl qC- 1— ^ Oi j1r» l i a^ J I jl . 7| 1 1^1 »1 a -v ~I ...I I tiljj - ^ ... lUl'i « ..( l j l ' 1 ^. Vl -5je 

.oUUUI l ijeiU j 4 j j. ,t,H 


ijjjljac- iJla-a ^lAikiulj ^UJll jLii.1 #■ 

*■ "> *> J 4-ili (y. © ^a£_>AJ ( j , * k L a tjjl-k ^jjljAc. (JIaH <—-ll»«a]l djLaLaJ (_ya_)ju .lie. 

_j l Vi 1.1A ^AJj 4 /) 'r . i^ya ~1 a 111 at-UH 4jj ^lail dAAj . aw j ^iLa_j o^a 3 > ^J^lj 

. ^ (Jill (jJ^U llila £jhj]l . (jJajiil IlgJ i_>a^ jl$A 



(_5jIulJ!j ^lalll ^jajucj (juLuiVl (J^li Ale ^Aill q^Lj ^1 — A) 4JAJI 



^Lail'l jjAa-0 i_jLkjv (juluAl jiu (JSb Ait AJa. >Lkjil ^£1 (l_J1 — A) illall 



jj^iluiVl tjAjw k_)L*a (J ic. ^lalll £jAm Aic. t(_jAJ QjSj {-a A) <UL»JI 



oAjl_^ll ojl^^ail l nm) ^taUI .La jjjjla (J"LuV1 (jA«^ (JShj (j — A) 


^jjljAC- JA* ^IaaamiL a AH I Splt£ jLili| (A) Jti 


JjVI w»uii 


(Two Bend Pieces) -jubc. <^1 jLii) jUil * 

* s. c 

^talll a^. jl ,1 a,I (jj^j Cjljj*il a ^.1 jji. (Jip) (jjjll jLg^. cj® t* ^ i»-yj 

Jj) 8<a ^Lalll j n «J . (jXullj ^Laill A_^jl (j_)^J Ajjlill Ajjjtll ^ySj £r jli (jjjll 

fc_ijiLij i—uljji j ^^jc- jjnV (Jc. JjJi ^UUI j\ jjJjtJl (jJ CjLilj f±c- AlLa. ^ 

. (^jAUall jj -» •>■ <ii*)l ^u£ ^ .lie. J . ^a ), 0 (jc. AjJi LliLa l-i.n l L_J Ijf-yj 

c 

jjJJj l_iLqjI AxC-jVlj j-udj-al! (_SJ-ii CjljLikV' aifcj ‘ Ajjl ajCIl oljLiiVI * 

f 

- jl ill ^i'-. -i" -.■ 1' 

. '/. 1 Aj.mi\l Jjliiil jl£ ^yic- *> all JaJ* la *11 fcl^Jh sj^aoLJI JLaj '. jjLajJl AjLj^Ja 

AlLa. jji clj_y*JI £jLll jJaJ l " jja l —‘l>d JjLa^aJ ^ul * t S ) aJ jlill ^Kidl (3 ,.ia.i»J 

. d-dll i fr li£ ^ ^lc- Jjj LoJ i_l J*a3 J yuj 

^Kmll ^ 3— i».J . ui'li all *l a; ^Lii] ^a^jLill ^t.L.mJI : l jjAijjjj£]l AjL^Ja 

(Jj >..m* Jaii£j AJIjl ^1} .(j V* — Y * s.LaI CjjJIIj (jXuij^jSills ^Lal) ^jlilaJI 

fi 

ajj» <ill (JjjLuJl JJLi £>j__j^JaI lJJjj CijjU i_ijii I ^ j* (jSL«VI jji -aiL ^illj 

. Cj La Lilli 


:(Schedule Number) wJUait J_3 ji' f9j-r 

ClUlii-VI L-iiliJ jU^VI -laJulaj 

( if 

) • J j±*. j* ,_yA Jjliuvll filijlj • (Schedule Number) Jjtaa. ^Lijl jt CiUjj Jl 
i > • * (A * t ' 4 £ * jV * i Y • t > « JjliLS. ^lijl (j-a ojLc. jjj_Lall ) "\ * JjA-a. fSj jjll 

t *■ (■ 

>j )_JI a^jlj 1 °«-'■"■ jl ajill jl , j ) Jl oJjlj ^u>il_j*ll Jjliall ^Lsjl ^ n *, tl£* ()Y* 

JjLil flAAj >- A \ fl *iH (jjjll ^1 ^1.1 -^kll A fl,J AJ*S!j a ' /^a Jj ^ 7 -H J* -llj o_ja!I ^1 

• jlLdVI ^ * JjiaJI 

. (Standard) (£ *) ^LUl ,=ij Lai 




oUU j JAj t^L- -w 


oJ jauLo ^jAujVI oj^UI jl-1^ i^1a-uij ^jji^ll <3^l£. tilliA 

• ^(JjA y\\ >3^ oijj^UI jIa*> *u1 Lsuio ^jajj j ^ fl ^ ^j£lj dulj 

^ _>J*-iU 'j^j -tjJx-A ) jJail J^aa]\ (ji jJ-il^llj £-LaJI <jU llfrlj 

<j_iiu]L) f -wui a"l f* ' ) ^ X V'j ' j ^ jJoS (jj» jjli jiaiJl 

" H <> ^ jUail jxJ^I .yjjtaJI JLiU >UL (NID) ^V1 >ai 

CajU £ • JjO> d^J^AilLoll ^)1 xn , ' fl -vll ^jUJi 4 _L-uA]Lj Q 3 ((^ ^ ^ 

| ^ J (Jjia. -lalj ^Aja % jlii 1 —>1'** ■» (JjJjk fij Ujl j JAtut jaII (Jli« 


X 1 * JjAa. 

A* Jj^ 

£ * Jj-ia. 

x * Jj-^ 

uW' 

rr,£ 

rr,£ 

rr,£ 

rr,£ 

r* 

X*,v 

x£,rx 

XI, no 

XV, A*\£ 

jlall! 

\ro 

f,t 

r,£ 

x,vnn 

^A jliiJI ‘-*X»..i 


j . t X ^ ^ ^ / A j'li^al ^y.-iw AjuiLiiil lIjI a< rtlj^al' 

■ J L&^J V (jJJJ*j t*J j* (ND) 

[ \ * ) JjAa. (jJ Vl£ 0 ^jAuij ^>1*3 a jjahLJ 



^yi >iJi 

^jUll >iJ! 

^V! jLill 

uW 1 ' 

"*, XoA 

"o, *£V 

" 0,0 nr 

"o 

£ * Jij-la. i _llbo a jjahIa 

"vrvo 

"£,AXr 

"o.onr 

"o 

£ * (Jijii l )'i^> a jjaiIa 


aji^ ja!I £ * Jj^A _>JAiil^ a 11 ^^A-uiVlj jLkJI jlaiJl J 

.( X X Jj.1*.) " i V ji* 3 yi* " t Jo3 £>a :lijUi 


rx 



























JjVl oLJI 


(jAuiVI jlijl jJaill 

tjLLJ a>jUJl jJaill 

Lf *u 1 'l/l ^jUJI jbiJI 

jJ=»H 

^IajLq 


jiUa 

‘Wajj 

>5 ^ il ■* 


ji«uL 

-WajJ 

oo* 

rr 

o o 1 

rr 

■ 

no 
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V • 

ri 

rv 

r£ 


£ 

m,r 


“to* 

n 

■n* 

rn 

Uo 

0 

ut,r 

o.oir 

V* * 

rA 


rA 

lo« 

1 

m,r 

i.iro 

Vo* 

r* 

vir 

r« 

r* • 

A 

m, i 

\iro 

A* * 

rr 

A^r 

rr 

ro* 

r * 

rvr, r 

t *, Vo* 

Ao* 

n 

Al£ 

r£ 

r* • 

^r 

rrr,i 

>r,vo 

1“ 

n 

iu 

rn 

ro* 

u 

roo, i 

u 

^o* 

rA 

llo 

rA 

£ • • 

U 

i'\i 

n 

W* 

£ * 

V u 

£ * 

£ o • 

U 

£ oV 

u 

\ • o« 

£r 

'i • IV 

£r 

0 • * 

r* 

o* A 

r* 


‘-sjiij® - i 

;^xulI jaU (Jj^ajjil AijjJa l Una, lillj j AjjVI (JlSLuil/Li ij^Jl CjLI^J J)g Vi 

. Ajla. (jj^j iaia lajj^mb jl AjLbb ^JJ C tj •> ubl^iil AiajISJ I — 1 

* 

^li.>«II (jj£b (jl <■. '> j 5JLaJI oJA '. A PiKl all AjaL c. AjLgjj 

jl A_JjJa.ll OLxLaJJI Ajj_uj uaj 1 a5> 4 \ -v U..,V CjIaj j ill jja JLi. sjj-uiLoSI A_lL$j] 

i~ j~ l ..-. J L * \\ <J1' ^Auul ClbL^jll (ja Ajal£ AjLu*al 'ejj^tol! ^*b ■" (_£jiiaai AjjjjlaJl 

‘ - 'J ( aj'jLll l*jj j y*' ^jL Ajli A_3ji-» jail ObLjili aJLs». ^j . el j all eiiia j j A 


•» * C 

:AajI.aja1I LjLalaJJL (lap Joints) ujjSjJI j! JjJJIj jaljJU Jjblgj - i_j 


rr 



















aUil J J&j jj*ulJa 


i»jij (jSLsJjjXi^JI jcdll jL$_i ^IxaiuL jcajILi (Bell Ends) (juljlij j ^ aj ^ii 

L-to-^a ^ © jC- JL V 4 -kiJ ^ qhI jjl 4 jL$J *liajV jlaS j_j£j jl L-JAJ 

\ jl 4 -lauili-Jl CjIAjuJL L_lLfc-*aJI jlmVl j* JjjJ! JJ& 4 J j£-aj La£ « aj^uuLdl iJa^ 

*■ t 

AiL-al Jjjll £jtij (jaljll Jib Cl la till I *■ ilnua ^3 j Ci j->. L_jJua» 1 I qa ^Jall Jjjllj (jaljll 

t *■ 

laj ~> a l l (jx .Ijjj V (_)aljil ^jliUI jm.l_jk.all .(jij|__)ll JjJl Jj_i.lll {Ja_C. (jf~ <Jii V 

t 

r, A (jC. JiL V i__LiSjjJI .lix Cl>LaajJI 7TA .a'lj . ^a > * (>jiSlj Jjjll (jJkjLaJl 

Cl La Lilli <lLi ^yij . jjiljisil Allill (ja Jjlall i—liSjJ Jjjllj (jdjll J*3j • 

( S ) JSbJI (_yi La£ ^ySlllj-uijj,\l $ 11 iaiCall Citjl n S.V C-llll (jaljll jj m-J Jjjllj (_)<iljl] 
i in i... =. ... • jbiiVI alai - 1*1 <aLi] jUl 

s jl t ^ a. ^ 1 



4a jiLa i_j j&j ALajJ ^hia ( ^) Jii 


: ( 0 uiLiijVI) Ci Uaiilli c_uSj2l: Ajjlxll CiLl^llI — 

Aiillill Jac .1 ) * ) JSLllI fji La£i 1 j alilj jxJjail ClLLgjj Clliilijl jjfl m*' ^JJ 
\ , 0 JlAl 4 _iili]| ^al^l ^ £ t\T ( \ Y) Jjl-lill (_y 3 La£ Jm.il-ill i-ii.V-il Lilia 

a -vill] I 4_ij Cllll^il E® JaaLi tjp- JiiJjV IaJj jjTilil akall ^jCLijllll jl aCi. 1 ^ 1 ! A-iilll! 

.(U) JSc 
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\ 1 /jAJLJ (jSili ^9 j!A£>VI $ 5lJ 9 . jl aa^-ilVl 4-^.j jl A ^L>lft]l A-^j j!A£>I 
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a jib Jilj jjjjJ^ kJujUill JSC i'i ; . ‘Cuajl JS £ * — Y £ J^»aj ^a 

• i j j jj|j ajl j^ylc Cl l iilill '> i -d l jl .^- 1 VI ^Jf- AxLaJ L_fijjLidl aCAj . A_iilllJ j»ij i 'ill 

. (jCijjAlUl j_yi Clliilill jjliiklilll ijll l_J_^uull 
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JjVi ^UJI 


i_iL-taJ 1 1 l^LfeuJl ^jJ_UJ 

c 

aUJI Ji-l <_yi A a ,\-\ I nail i—liuoll (j-o ajj ml all (jAj iiLo-ui (JjSj jjl ^jlc. (_3®^ 

e £ 

A_lajlj Cjl j It) la jlia-jVl jl iaa.Artl] C-lVl.A«.mVlj jLHaSVI aLlaj 

: (A W W A) a&i^V! oU 1 ^ qjLIJI 

E = (ND in mm + 100) + 3 

aJj^jiLoli (jAj dlajui = E 
jiajLalL ajj^oLaU = ND 

: ls ^)I\^ t—lLeill fjjt \ T ajjjjiLail jIAa. lilou JltuS 

300 


E = 


+ 3 


100 
= 6 mm 


Fabricated Fittings AjlUoII -0 

* * 

jl L M»,.,.un '1 i^jA ,j jSj 1 a A tr- A_Aijj]I jl ^3 A -s.1 - tl 1 a i)-i *J*a3l ^'l . <-D 


. A-jU^a ^tu) (ja I j jl<~- jJj.x-JI (Jj ... Jl 


jbuSJI 


j_yj«la3 i^ja jjLiSlI ■j’-'' jjS^j . £5( 3 * Ajjljja ajlc- {jj£j ^,.'u<-»^ll ^Luj 

— * £ 
' Ailia-fl WjjjJ jl 


() r t H) J£i : j*adbf qa £$$}\ (1) 

. AjJUil CjliUill ^) 3 jJ ^ajll (JA ~il 

Ajjlj 

AiUii-a 






oLJli j jkj jb 


Ajjljj 

* * 

Ajjlj . j *Jalll L^iic- Ijjj e Jj-uiLaII (jiJjJI Jj -mil jjlfc AjjljJI jj-4 : ^lalll Ajjlj 

. jSU elisuVl Ajjlj l iUaj jjA ^kill 
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eiAj . ^iaiil A_iLuL^a <_l\ in -\1 « ’" °U <jjlj Cl^L»lju» - i ^ ' ■ ■'"' Ajjlj 
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•,Y*r = U.YoijjljUj *,£UY> = YY,e AjjIjiM = ° £ a ^ AjjI j]l ^j 
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^ ^ 1 J) ^ ^ JS-ill fiJ^-oiL*!] Jj ^ ^^ A^Lo-oll 

LaI j+*il jg £-iaili Ajjlj (JjaLljA ^ £>JjjjjLaII ^^jLaJl j}»ft]t ^-Jj-uai Ay jlj ^Lcll AJluuo 

' U“A> uA- 1 ^ jLilL 'O^j 
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j^yi ^uji 


(^ t ) (J£ji o* {«•**? i (T) 

1 * £j£ 11 <J**1 A^aj^Ui L-lljLuil . J^I JiC. (_ 5 1 ji ^ia9 i — V {JA ^ * £j£JI ( A-Lu<a-j 

Aa_)!>UI ^l-iil Jjla ^yll AiLuaVU (jJ~>wi-ii (JA £-j£ll (Ja*J Ajjilajoll Ifl --a ' ^yA £ja3 a AC- l j r a 

* ^jA Cj Iaj]»a 1I fl AAj . ^_j£]( (Ja«J 

^1 Ajjlj 

J-U-* 

^-Infill 

AjJaill J|^Ia 

t- t 

JlC dlia-lVI Ajjlj 4 _a .a aj (jjjjJsfci (JA J-1^1 (jA £lj-£}U (jJ*J 

\ — ^Jai]l A.1C- = ll)Lalxl]t JX UX \ Lj^aA jr-j£]l ^ lllLalxllI 
^ a* * ^i)!j l^ : J^“ 


tr 


^<5 = 


tx(l-S) 


Ajjlj . 1 . 


((Jjiail U - ) <L)'j <JaI»a 

Y t ^Lali Aj_jl_) (JaI*a X BJjaiiIaI! Aa-LuiA 

* 

- «^l-»a1l Ajl^jj oJjajIaI] (jja Ail uall (jAjj »AAj 


(jja ^ ( i »JjajIa L>“) ^laiJl Ail*** 

.jjUII (JIIaSI (_ji Lo£ ^Vtall Ajjlj 
y -j- Ajjlj (JaI*a X ^jiLisJl jLii! = ^Ja&ll A^Lua 

^ >o,r = y,oi x »,i -"',\ = snvio xi,o = 

t 

, ijjAjlai] {jAiljll j_^a 1I ujjla. Lf Ic- ^ ^jJI AsLja ^ij't~1 fll 



olxU _J J&j JajiaA 


:^VIS ^Lill J_jL LjLui. Vial 4jjfLJI ^Lill Jljlai 

■ (_UU-» X ^jS13 _ j >laiJ\ ^ j y = A 4jl$jil ^laii 

Xx A J_jUI = B^jl! ^UII J> 
jiaJ ( tioJ ^ ' f-_y£J ..'j 11 (B) AjL^jJI (A) *laal' Jjia jLajY : JL'l-a 

."Xt £jl\ 

'.nviax X* X '/y = <>L* X jLa Vx = A J> 

^ nr,r='\*r = 

^ rxx.x ="u,ax = x x A jjU - B ^Lai j> 






jLi i • j-jS-I 


jjjUsS £4 jlsi £4 A* £j£ (W) Jii 



JjVI UjJI 






•>LlU Jaj .bjl-i'k 


'( So ) JSJl ; 5 j j.xU,l) Ja» jL*« (r) 

■Li-a-oJl (jlfc ( *Jai]l Jexi. Ajljj Ajaftj Al.l_aJ ^»jlj ^Jail! lai. jLui^a (jjj_»_jl —i 

Jjnijj Jic. lai, jIuls Jj- la.il ^pa-jlail lala-^all ( _ $ lc -LLi t»J ^jlall 

ajj^uUI jlaS L_i^la,L Jailll oAA JijLC- ‘ . l^aauj -Lilli bAA 

fuMJJ tillA jj-lj . ajjauLdl (jj.jLall 1> j a all ( _ $ lc joli £ jjjjjtlaa (j^o ^j£ll 

* « 

AxJjl ^1 i*»j ^ 1 li.\ ^ui3 ♦ (JSLi oj^jj-uLail I^jLa dj^uiLall a ^lc- jl«y^a iaJk 

i < / 

Ajjlj AAua. . (I) (JSki A_C^LuJ) 1_ijic aLalj X >3 ajjauLJl aAjll AjjLulIx ^»L«ls! 

. (i_j j J£lL ajjkiiLJl j SAJI >■->- ^jjla. (j* (J£ ( _ y l c. ^lalll AiluLa t. uu^lj i-ijll 

4 

(Jiil lS- 4 fijl-A (ja ^ A *U*C- 

pug fllll Joik ^yic oJu^wLoll 4_a_3 -X^, 4jljj .Iftflf (jaalj j£il (Jill! JJaxuL* 

•(')& 

(ji (lUulakll) £ < T ^itugilll lajlaa. £a ^Aaliul nlo yi «.Uni»l) 3A£ . (_a. ) JiiJl 

4 

frU-i-i 11 -jl»* jklj (_a.) Jiui |1~»J t-«11) aJ)j^uiL«H Jlj^kall i a- — aL» 

ClLa!)Lllj c _ y la—ill ill -La. AjIAj ,.Jj ■ si jll aUaill t_lk) ja^li (jjllua jl jaiLilall ^bvualj 

. (-i) X>i ClLLjAil t jlala Ijlac. till! t _ s L j»J ^Joill . (ij (JSki £ ( T 

iJ lc. <]JjaC.j bj^uiL« 1I laAa^JI HUalul (jlc. lajlvk (Ja£- ; g >la i_l 

(11) : 

(1-0) jJC. 8 :. ^4 4jujj Ajjlj ^IjVumL (1) 


Jl -ijjljll ^laull (_Jiu»j 3 ajij-uiLall ^C. Ira j iVi 

(jl) -j ■•■ °'| tl lai. rjA AiLuk^l) ^jjLallJ (_£jl*ll (jlai -jl«' . aJlj«uLall ( _ f a>jLail 



JjVi ^Ldi 




jlj£i ajjxilx]l _Ja3 ' jy = AJjljB <jli.l.ll! Ajl$jll 

.Jala "i fljjxjlxi] lillij ^Uall iajla^ £ Jx*l 


(i_j — \ J^ili Ju SjIa J\ ji Jj Ji jjUl ^j_] Jl ^'iOaIx'u (y ) 

t 

ijjjJJl ajA ajjiirtll jlLaVI Cili jaJjxII A^la. ^a aJA j»ixiuu 

^yijjl! JoJjxiJl Jaja * In 1 .Vi ^jb . I $ «infi i_ij llnxll ajjxulxll JAJJU L^_Sj “‘ ■" 

jkJJ ■ ^JjJl JjiV'l .11 JI JaJ^xiJl 4jl j '1 ^laill (Jjllaj (jjJU iaS_3 jill Jj-3la1 

J^uJI ^^3 La£ J£ /jja . -mil (jjjSnl niTi « JaJ >uJI 

'■—J n. J| », a a j Igjli ajj.xalx]l ■« ^J) 1-^ a iVnj ejLc-j , Vic. Cjl x j x 8a 11 abAj . |<_i — Yl^ 

t- *. 

. Ajjlmlx ^luiil Aiujl (jll a iJ^ujIaU j^ajlail 

(_a. ~ ^) J^" 1 " iljj-ij ^)1ji«*i) JjUA ‘i ^ ’.‘J ^ 

* 

^ ’i % wn ^ . * wn a s £ (jx jjiSl <—lUaJJ 4 _ ? illj JA H tlilj jjxiljxl! AjLs. 

. ajjxalxl] ^jjjLaJI ^1*4x11 ^yic- ^yjAxxll ^juLaill JaJJji . jjuUiJI JaJJxuj ^jljjxjl - 

loJ-^xli ^yic- -j . a a JI '.ji.n -jl» ' | >3j , 3j_v-. Lxi! vlc.1 | J * jj-ixll ' n. ^ - '~> ■) 

^a jAaJI £x AjJUb-^ A-sjlj JbJkJxil) ui 8 'jl Jajla^ AxDLc- cbJ ^jx ajj_uLail ^jAjLkll 
InB > JjlLxL sjj^wlxll JJa ^Jc. AjjljAx iaijla*\ ji »bAj . AjjljU CjLiu t£]LxxVI 

. I 

(b -1 "I) Jii : Sj^LJ! jjax jjAt /.M Jai juaaj |ij 

* t 

AJ-£LjI A -vjj ajjxulxll Jj^ A^JLux ajlx jl Cjljlj_ait ajlx »U-in ’ll A-.xJJ 

»■'*. JxlJj . a_jl^ulx!t ]aA •»■ ■« ^ j y ^JjLuJ JjUaj JjXkj ^x oj^uilxil ^claxi ^x ^UxJI jlxa^lVi 

cUaall ^xaj Jjc-j . ajjxilxSl j_j_ix ^gjjxxll InLt all iax. XlAa. a! ^Uajll IbA 

• (<■ ~ ^ JSx JalbS ^ 'injmj cllaiU ‘—SjJLJI ^jla IAjx. 




jLlII Jiij jXuljd Ja^lrv^. 


1) JSjI I^jjULa Ljj-i >' ^4 ^..\ i uplift ill (^) 

* 

. <jjLaJI -j ■" c ~W Jajiaa. \a JJ_c. ^1 ( jJl ojj-^Lu-l ^Un fl~vl ^juLa_« laJJ-ui jiXkJLuU 
jl V, \ £ ^ X _^Ti alt ^j>il .) a) <jil jj e .Vi j > a J±.l .»i Oj Ia.*>ll 

■Ujk.k Jin] Ls_lla V>J,A all aUiAI aJ . jjaUill JoJ_^jIi Ia'^uL) InJ v «1 ^ J-ll_J»ll (juLlilll 
. JaUj »i'» ij o j^uiLoll ^julLoH JaJ >ai L_lL (^U j ^ c . AjjlViall -.j ...a~il' 



2 IUi',,1 ^g, ^jihaU j Jajh~> i^aC- (^) <3^“ 

^ijlt (jIb- AjJ>4Cj 3j>«U 11 kjt «3i 



jjVt oui 


:3jUadVl O' j Ja jh> Jj-Cvj 0) 


^jlc- f -»J <11 3*1 (JaC- l lUril) "kj\ f\ 'I jUajVl Oli jj ..A j *U ,s_itsAj| Jojiaj. 'J 1 ■»■ 

. ^Auil^all la^laikl <J ^^ua^all jA .Ixj j^jVI sj^uiLdl laja nil 


jjjLj.i; (Jal 
£ 

A 


n 


rr 


ojjjjUU jlaS 

(r"')" yi 

( r ^-o.) "Y£ 


pyAJI jgj h~> 5J^lll Ja (V) 

<Jjlj c_Ul*/> X aj^UU ^xjUJl 

- ■* ^ ^A*a])l*JI ya ASOc 

jLuia IiAa j! ~j.-> °JaAl jjic- 1-iajJl ^jlU Sj^-Ull Qjt AiLuiA jLajVj 

. Ajlllll OVjU-all lalmJ -ib-i. 

(> V) Jl£ r^Lil A J.1*! • 

( YL^) *} Y 4 Y ^ ^ A jafllll £y ASLula = Y Ajaiil! ^ja A3 Lul a 

p A) J£i :^ui ) Y jjj«J • 

* , 1 Y £ X ^ A Ua' ' I ry ^l»aU AsLula = Y 4 Wfl'-.H /y AsLua 

4 , V 4 V X ^ Aiaiilt jjjo ^aiJ! AsLula = V AiajLJl (j*o AsIlla 

4 , Y"AT X ' aIvJ ill jJalJ! AsIula = £ a Ua.1I £y ^Kall AsLula 

^Jk YY • 

(yO - ) ** ^YA X \ A £y Aslui a == Y Al^a ill £y AS Lua 

4 , ^ Y £ X ^ A lua iU /y ^JalJl AiUa — Y A Wa i U /y ^Jaidl AsLua 

M - 




iUil Jij jj*ul_5-o 


* , AV X X \ Aiail'1 ^ya jtiai]l AiLuu» = £ A lit'ill AjLuM 

*, V * V X 1 <laiij]l ^yt ^iai]l AiLuna = 0 Aiaiill ^]as]l AJilLuna 

‘, 0 ® A X 1 AAc • Uall AjLuna = *1 AJaii]' ^ya jtiaiJl AjLila 

•jT’A'T X ) aLo'iII iiLuD* = V Aiailll Ailui* 

*, X 1 • X ^ AJaiill £y» A Util AiL** = A Ajali]! aJoaJI AiLu* 




pj*i2j ) X jajlI gJalll J&i jLuu Jjo^j p A) Ji-i 

: j* °1 • Ja*J (,*# r* •) "IT jJaiJI Ja^ : JUa (A) 

°i°-^-fUIl yj (i) 

'I = ^LaJI Ajjtj (Julius 





^ui 


Y t ( UakJI Ajjlj X tJ jLLaIl ^ajliJl j >laijl = } AiaAill £ja Ailue» ^ _ 1 j 

"\TVo- Y + Y X ^Y,V0 = 


jjA.jLill Lj %<ail jjlc- £ t V i Y JajLiJl jLuua ( ^ ) ClL*jxaAill JiC. (.a j 

aJjuLU 

o, 1= *, 1Y£ X 1, YV° = ^aj_jeuL«ll Jj*-o cs^) ^ Aiaiill Lei. ASljiea 

"i,o= *,v*vx \rvo- (aj^ui^ljj^ j\) r aL^i <> <^]i 

ajj*iiLall J jj V <i £ “Uaiill ^ja ^LiaJI L>*k Ailuix 

"r,ir°= stayx \rvo = 


: i _jj1«l-i a i ^jl ^lat'l .V'f- ^aUA&J JaL. ^ Y iia] ^ja&jl Lei. ij.'i-ej L—A ja | J ^ 
Jlj i <a jA .li'k]' 11 a j . ajj_uiLall lr>j % <i Jij_a .Lex fJ ]a j a, <11 aJI-ialt - *> i ~ -- 1 * 

. A j ' 1 

t 

x-! . AjajLeu]! Ljjkll A^l ^li^iiLuilj I t n 1 4 ^.u ^ ^ 1 Lu_aL! jj J ~ ‘ ■' * * 

. aiJjjjLall Jjkjj Jj> aII Lex ^Ir. Aj-ijai~- xAuial)! LjL A 
< « — 

4 (jjALal'Vl (JLul j»j a jjxdLall ^lc-L b 1 J a £ t V t Y t Y ^.LmAill JajL-i. ^lc> * 

(jlLuJI cJJeL ^vUttAjll LajLx < aLu ^J 1 A * o J^eLoil jljj . aJijejLall t o.^Ti.> ^j x 

• | ^ A^ (Jfuall jLiei . Aaj^IoJI 

■ _)j>. a)' Jaie QA ( \ ^-beLLI lax. Lei. Ajlgjj Ajl.il] AjjeeaJl AiluijJ] Lc. * 

. Lei. QA £ i Y* 4 Y .j.-.ialU Ljiai. {ja ( alai]l AjIiJ Ajjm-k all AiLeLl j»lc. * 


. tj^is A] (JhA Alesaj]] JJA-S ® (*^J LiJl 
'LL } A lit ill £ja > Loll Lei. AjIiJ |_)4A1 (j£ill (_)U ji jjLi] ^ Lj -v 4.11 flLi 11 £ao * 
^ Lol Ajlii 'j o 4 £ t T « Y La‘ill LjLei 1 «Lajl La^. ala ij ^ ^^LexaLl tUaiil ^jjLa 

. ( La‘ill ai^J 

.JjLUklL ^Lj-w Jl ^Uaaji AixulijJ aiJiaJ ^ ^jiaLall ^Ic. * 

D \ _ 



jLU .1 Jij j-uuIja -b 


j V j Y Vii-lll | »jlx 3 J^Ja iijj eUaill l jlsj jl j ^ A * sjj-uLJI jljj * 

. jjiiuJI Vi>11 Jjlc. 1 Alai'lIU l^Luajijj i sjjaLJI ^ya l«..YI tjjJl Jim a j i 

- Ucll A*J «V.. i :.llj ojilill fjjLlluiVU ^JJ * 


( ) JSil .‘ SJjAiLdl t _ s Ic T OBJJX ifcjill JaC. — _>. 

£y* j <4j^ia]l oiA_j :bj^uiU 1I ^Ja2 Ja T Ac^aII Ja& Aju^ia | Y ^ 

» * <■ 

(jjSj _jl J ajjAiLaU ^ajlill jliaJI Jc. j£jji (jl L] IaAj jKi» 

. (<—>) <i«JJ j )]l ojjaIaII (Jib 

t 9jj*«LJl jji T JaC. Aiu^Ja • 


IjjjVIS AjiuJl (jjSjj sj_*aiIa] 1 Jib JoIIa] (jj^J ^AJ^Jall sAA 

. SjjaIaII AjI^j (jA *aj ^ljjIaII ^IJI 1 AjjLua aJuila * J* 'j >_^Lb J * 

biC. 9 J[JA|Ia]I bj ^ ^ Jj^ -J» ~' ■ ■"» Joi |»AJ ^JJ jluljJiulJU ^ Vi j > all f lb»Il ^b> UnU 

S- 

. CjluiLill ^iluiVl Jai jA Vi >11 IbAj . AViiill abA 

(Y) J ^lillj AaU ( 1) ^LiVl £A AjjIuua ^Lil i J! ^Vij> a H Jaill jkiiJb 

. JSa (jajLa 



Js. T JJa. kzJl\ J-fr (1 -H) JSA 


jjVi v 1 ^ 1 


(aj_^uiLall j ^ X J jiij ^»j<n till La. jx.l*nl aJ^uiLall ViJ % a ( t <<Vn <a ^yt 

(ji ^ ^ |» 3 j juiuilill La. (_>^u (_^illj (U) L_ijA. (JSai (jic- (Jaa] b_j_jjjIa 11 alLc. 

AjLgJ Ale. ^J-ulIa]) La. £a aLUjII ^uajii (U) (jujLl ^jJjLs-j JaA-aLI i a. a T'* 

t 

<’) jjLwall jl JJ_uiLlL]l ^IxkJLub (U) jjuj-ill (jjjLa. ^jlc. ull jjaLiu j»lj . aJ j-aLJI 




La. £- >.VI c_iiUI ^Ic (U) cW*] ftliill j °U‘ 



. .iJL ^.u'u (Ja*j UJJj-ii j£aJ ( X ) ^uiill ^l£. *Uai]| ^Llii Air. -Lli 

£ ( 

a (Jii £>j^iLdl 4 jI$J (j-Q ojjxaUJI l^Iawj l iilui-a Aic. !a±J <jl *]o^Xa 


. ^ jLui QjAa ) oblgil] ^tiil) ?aj 

aJlA LuiL (ilJj ^»JJ t T aLojI] Ax jill £_^j] 4 i... '*j'l sjjaiLaII 'ji a - '.all Jaa] 

Alua^J) Ja»] JaJI (jUJl {jS 4 ... j‘jll ajj*uLdl jjlc. A£.^>ill A^ajJ . A -vlall A « 'U*s Ar^jill 

,»Li]l |»JJ . JfLJI La£ AxjLI 1 a ~i mlj A j .j j*j'l ^jic. AxisJI ^jl»J 

A.LlIl l»j i _aLLI JaX jvU ^ . aJ jaiIaII Jj_xa jjlc. AjAj^oX- i aLsJ1 AjL$_j Q^£il (_£jjl.l]l 



ajjAilail JaIj T lJja Afjilt JaC (uj — ’l V} j£jj 



obJLI Jii ^u-uIjjs lejlaA 


(f *) ^,^**1 :<UmJjJI jJai qa Jjli j3a& {ja T 4£ Ja£ ZJujla (T) 

5x.jill Cxfii <—'j-'fc ] Aiuajjll sj^ujUII jjic. £aia y T jjU ajlA 

yj ic.jili (_£jjl.i]l ^-jlk eljlau# ^ 

• 1 Aj! « i j oijjjuiLlI <jl^j (jjs aj^uiLol! j l»«W a-fl.aai AiLui-a (JxLlS 

l l iA t a ^ . C.ll-m]l a-Amlj <3aii]l oA& -Uc, ajj^iiLJI ^yaajlaJI jLlaSI - *i«~i 

jiaftll ^Liiit A < (Jali £ jiaiSJ ^>LuSi £ j a.JjaaLall ^jjail Uxla ^LaiVI JiC. jjJi ajjxuLJI 1»"»- 

.(J&'V 

AjL^J ^ -1 "a jjA.. jLaJl ^jiasll CjLavLc ^ja f tJ..a, 8 ~i3l la»3j 

.(t*) jsai^ussj^ui 

aJ jauIaII ^ U j -v * j (jA V < X ^Aaa&jJI JajJo-t 4il .a a -i-jiJU ( ii) { ^ —lj ~ 1, Cy* 

t- 

iyA LlllaU4*1' Jj ^ ^^ ^3 ^HjV^ . ^-Ua-Ll^l Sj^auLall c lllla s^lJjj 

. i.flAjlnjj l^aaUi ^aJJ JJ-ouLaHj ^alSI .Lai. (J ik Uj J1 t 

^yi | ^ J ( -U <u i ill -La*a (ja-A> ^illj U (_ 4 J_i. _]£-! ^'iX- (jajJ Q j£aj (_J jjl »)ln».\l ^«V-» 

. V J X Jaajll Ajl^ill JajLj ^Jot3 Iaj frUawll ^yjjla .j > Snj-a./ttH J j/a-A i «.a.T'- 

t 

fiUawJl jl Sjj-uUI jXiJ • iJ jjjLJI ,^_Lc ^xiLilali Alnnl^j ^ ^ jl» 1 ^JJ 

• V i X ia^iaiAl ^JLalLJI *Ua*Ji LJal 1 ^jlaj U 

JaX. . ijj-uLJ! ^jltl ^la3 cUaC-V (JiJjWI ^lafl l l 

. <Le.jolt l qL^ I 



^rcp (oO r ""isv? tt irrr 5 a f 4, t r '"T> 1 n^rf= 

















































dUl J-i-b 


,j^ 4flLk*ll 

uLVl j 


tr-; 


'/-h->- 



1 >a'/> 


ajj^Uil jlaS j-* Jai jJaS Q* T icji JajJ u.jj'ill JajlaAi (Y*) Jii 

:^hm) jJI o ^ Ajcid (r) 

c 

Jutj A»in a , I . i_JsVI __jla4jl tljl.il T Aii^ayi t i..ij*ijJ1 A^33 {JajiI 

Sjj^UI u& 4 -> "'ill (Ja£. (jlia ,_yic- A^jiJI jj • 1 alxmllj kA+& (J^pUl ^lajJl iJlA-C- 

fjj , ( X ^ i _ ff a Li£ 4_C.jk]l jjljjj J|j-x ^jinj ^jJs - s ^ ( aJ*J ^aJJ 

Ojj-yiUI <^-3 A ^J.i1l ^*>UJ V ivk <\ OJJj-uiLJI 

_I - , 4 st jU 


4c.jail ^jWj ^ 

AJmjjjII ej^lc. 


4umujj]1 oj^mLaIi 



A_LuUJ^)H AJ^mLaII 


Axuuijil Sjj*jilp«i! (ji A .iH J-*£- ( Y ^ Jii 




JjVl yUl 


(Reducing Tee Branch) :(T) At jA Jl AjujmJI AibjJaJl -J 

^ IaS jjA AjiiLujJi o jjauUIj ^Jaill Jsl T uijA. <c-ji Jj-—jjJ 

^Ldl J ju,tl i V 1 *t'Lj ~ a j !■ ' 4 J <4 JJ^ll oJ^uiLolij Ajtjjll jajjn-y . ^XX) — 

. < j.4j Ijll s_J^uiLallj 4 x.jili \a ~XS AjJlijl Cjl a II jtjjj T <L*a_ji] ^ G '- -vi 

:<«M>JjJl 0«LTfcJ^I J*t,l - -A 

t~n iVil! ^ .lic-j (I — X X ) J£A <..un.ujll ajj*aLJI ^jlc Aj^jill ^*aj pit • 

. oJ^uiLalij <X.jilb (i ^»lal) <-4 jaA# <»1-ij,) 

(jlc. (J _ajLall laL> <11 <-3Jj | »J-a <X.^ilh ^ d *1 i ^jl«U j*Ij «U ^ "' *ulj * 

. — XX) Jflui AjiiUJjll Sj^aUI ^la*4 

Jaa. Ka^E- (jC- I »j <J-uUJ j )il ajj_uL«ll <jjlw*a <il*4*a - jl* J j (J»Li ^2 j * 

oj^jLsjI <a 3 lc. lijtall Jak (JiaJ • <J**JJ j )ll ajl_^uiLaII <£^jil] j^ajlall iaj % .all 

. <il£*a jA Ia 5 ^*j" 

<Llij ^JLa. (, ilah ^^Aa-ilj <JJjLJl <AlL»!yL*ll QA I^LJJ ^J.la (_g^ Jaa, ^uij 
sjjaUI <_a*i&] ^JLsJI laa. jA JdjLaJI Jaa)l IAA . <.] .a jjjll ajjp*L«li <a3 ^^Ic. laA - «N laa, 

. (t_>- XX) JSi Wujll 


S J *Mll«l' 


0)^^ ! 


^njV iU 

Ale. 


» 


fiJjMiUlt A^klij l>a 


dJjAriLjl <*S ^jic. ^ Jaj* *-A X JjlLu ^L_J j 

jl I dj^wiWI ^Ja*J (JSpi 



laj. 





dLlU JJjjJJ Jsj j-LujI is 


ajj^iUl A ■*■*'* jjj Afcj^ll (JLijL jA A&jill ^ ^laftJl tJx*J Ai^uJl A_SL1 jL]I 

. ^xLiJl Jo_i. »j'« 'j 

4. 1 -jail (JajlI) A-lll A UjJljLa A_fcji]l L '; £ j Liiic- . (TV) (J^“ AjLlii!! AjJjiaJlj 

aAAj . A j." j >jH a j^LlLI AX-^>i]l AjI^j /j_u La X AiLiua .Ij.Lxj f-U . ^Aaulu^I sj_^uiL«!I 

Ajlgj j£- JUjkJ V JLxa. jla At Jill jjAc. «^L»o\1 ^ la-Lall JlIc. ilnx aAal) AiLxal! 

. 4 i..i iljU aj^uiLall LgilL^jj A_&jill L_ijLa. ^Ig- 4 a ja ~i ..m 

(jJJjL A-La (jj£j AC-_)i]l ^jic. ^IxaII all Jai, . | XV^ JiiJl ^ LxS AX.^>a)I Jaj~\ ■a ^A* I 

. I tln<» jjJl AxLaJI ^*j «._J 



T Ujiii ^ {JaiJi j*c. (rr) jii 


(Lateral Layout) :C»W ^.wjj - j 


c 

4 *] JaIJ^ J-j 'fl ' q *w\l >jui ^11 ^\fV 3.1A 




uUII 


l a jla . ( 4 jj ~ * 13 ^k jl ) j_gj'i.iu /a gr Sim ^ if- A jl jjl 4_e-J-lji *SJJ " ** A-l^. 

^laJ (jJJjJtiJI ^Ujj .. ajj-uLdl jj-i-J A_juuoilj jj-a-<a j»xuj A-C-j-ill Ajjljl 

.(») J^I^US.Ca^WL 

^ / y — Jtj% «H ^ic <iLJ . jjIa-sII Jja sji^uiLall A^Jl laa. ^uiJ 

. (<_j) (JS-i t _ s A,jlaJI jlaiJl 

fj-A l ■ «1 all ^j-3 A aUS\ 1l Ale- ajj^nLall Ax^jii] ^lalLjJl aLU ^jlau 

t 

. ^LaVl (ji B AlailB Ale. j Afi-jill 

JSiill A a \i'\. ,i-v Ja^JaAj C A Ua sll i B A Uc \Uj ( Alaillb A aL» «*i II 

jj-uLSJ . AC-.jiJI >_Aj£jj Ale- iaAi-H c ‘)ljjA -La. A_L*jJJj]l oJj^ubll ^jit- . 

« 

ijlJjA laa. jjjjLi. ^le . m flliJi LjL^ jl 1A a] Ajjlul « ^Luiil £ ^11 sjjjjUJI £-»J A a 

L r J l 

(Jin 4 (\) olalubJI aAAj C jjil B j A ,j-# t _ s ic‘ AjiiVl iiluLall (julil 


. 4 ' c J o aJI e jjjjLJI jjifr ^ Uj -v Jl (jljjAli laa. (jj» ( X J ‘ ^ ) CjliLueJI -jb~i 

. ^ ^ laall^ Sjj_yuiL*U ^oja-vll UA ^lc. OlULul all ^>Vajl 

. A aul 'j jII aj ^uLall AnjlaJt la^Jai. k _ J Ajla. .^le- ^l«3j JAall C 4 UaiV 

^j-Lc. C 4 US'ill 1 ; >j -4 jAjI U. A ^ _C- A 4 L.a ill (Jj .^3 jAI ^Uj -v f 1 Ul il ^Ai-luij 

. ajj^uiLall ^le . ^Wi.-xoSi a aLoC. ^1 j_jaJI ^AaJjall ^jlxl ( pllj . AAjjLaJI lajlt-v 

^1 (_ja 1 ! ^jla-Lali iaaJl 4 < t 0 >1 xiiH 1 ^ \ j| ^ \ »*i \ 

« AjloOJjJI ajij-uiLoll ^LaflJI laAi AjOjIkJ 



oLJll Jaj Is jla-k 



Ajuijij]| Sj^uiLdl ^ UlL'l JajJai ( T i ) Jii 


(Vo) JfLi : 2& ji}\ ^ gJajHii bjJaJ* (V) 

* * * 

. (I) (JSjJ SJJAuLJI 4jt$j I_jj3 hjLd* ^Lal £jjl sjj^lx - ■ a • 

t 

i^ju Ifij . ^iAjLaJ ln\.^ A«alArk umV B AlaAflll Aic. A-<jlji Ajjlj ^ i^J-a C- ^2 j ^IC- * 

t 

<U .LVI .kkj C^Liill ■ftJcslLj (jAJ AiU^JI 

* 

i-i’Bi Jx. 4-31 j n aH aii , ^wL-uVl Jsukj A 4jaLi]l jji ^_Ic- A-SLmlJI j^juLis 
U_ll A 4 1-e'iV ,» cLiaC. *j'si . (^j) (Jii ^uLwVl Aaib jjia <C.^)tll (_£jl»ll ^uljl! 

tlj-JtUj J^aij ^jjl 4-£.jj]l iJ Ic. jjixiJ] I »lc. . bjjahLJI 4jL^j .lie. C ( i_Ua.l“ill “UaSJ 

. tJ kiaJI 

ia-k ^ C AjkaA-lilj, A_CjiIl aalII ^L-luiiJji iaA ^ylc* 3 JaJ^)l ^laQ ‘ N - ■* g.UaC 

* ajI$_> y 1 ^- ia*ujVi 

aLl-ojj 11 aU—ojj Vjl ^ ' < i Tfc J_m] A_oj_aJlj A j *.i j ajj>^uiLdl ^a (JfiL] JjC. 

.eikiU 



JjVl cjUII 



<c. jiil *JaiJ 1 Li. juAaj (t o ) Jli 

: Olt i 4ju jmJI dJLij]al\ (f) 

Quick Method Fo Reducing Laterals) 


J&JI '-.i t -v '• .il > A .' ' a J j ^i-ajlj Jaj Irt -jl« 1 pju AjL^LII aAA ( j3 

. ^ Y "l J QSjjj Ailllll L^laaH 1 luia. till jj . Alt^jll 
1 * fl ' * JS C-ij-Ai A ajjjjiLall ^jic. <£.^>ill Jisi A a i A ■ <a)l Jia. * 

e 

. (I — T"t) (JSiii ■^J 4lAtUJ -I > I kil^Q 

^Lall A •>. ~i ,3 | sj1*j (jS jj jxh ( <£-j_ajl sljLa^u ajL^j <LjL »aL_ujj J t - ,d » * 

. Ax^ill aj^wjLaj aUi^jiuj'yij 4 -LulLS^JI ftj^ujLall 

(Jj_uJj j_yJ-C.I 1 \a (Ji (jkc- D kiLuwJl J3_aj . Lgjlio ^ AJLilj Ltjill jIjaI.J • 

kjL_j_l C~i. u jl A Ajnlill (jjSil Lll^illj a-ljJl kil-tn.* (jjaiLui ajlAj . M-C-jill aj_^-ujLo 

A A \ l' ... ^ A_«li ^ua . (t_l — T"tJ JSL ^kcll Jaja, ^''.')a ^ ju 1 Aic. aj^uiLell 


1 \ 





dLJ.1 £->ya Jo jJa_k 


J y %' l ^») jin 1 ALajIj ClAJ . ej^wLdl L^iil^jj <£.^ill (Jjia 

<JaaU^#ll (<£■jill 4 J.i 1 <*U]| ^Aiiumll A^Ull ^^Ic. (A) <JoLjJ! V' r_ 

, aj^yjiLJI niajjj lie. L^JjL^j 

. Aj*ujj^I oj_^«LJ! <aji l iU^ <Jj Q_jSj ^laill • 


^-UajI *"• ^ jLl* 

\ r 


*—. A <Uiill iic. 




k. N N 
\ 


is. >U jiiJI hi. (u) 


( A-UiJI U ^ jLlA 

Sj^UU «isiH hi (i) 


tliltjill ^LurtjJ SjujMiil <L^taJ| (XI) Jii 

(FipeOffsets): -ft 

^ j * a *i xa X *■ ^ oLl-oII Xi A ^_9 

. dJliL^VL /nil ^ Ji£l\ aiili jjSklj ( 1 * ^jUjS <Ij^oj <Jac 

t. 

JS_^j-&. OLiJll gU^il (Jj£k3 J . ^ * (ja (Ja! oliajj Ol j jjLijSj 1 g^r. ^3j ^l->« a (jla 

SJJ*J|L«1! Jjla <_ iLul&J 1 \)8J»J i j >la ‘ - jUaJJ ( ^ Vt‘ 1 £ ® ) ^ * (y* (Jil 

• j j.J •*■ 11 

t 

; Jjlall <■ *'* *w a! 2 «.\<‘i,.JI t* i1-».U»,^^1j £0 J j±a. Ty^y} ( X V ) 

. yiuilyA ^Jj^a lyAl 4jljA*Jl AaLuboll jA l (Offset) IJJj*^ 

U >jj\ J' ■* (jjl»-aJ f.llajVI iJJy a a [jjj <lLsV 1 4jU*All : (Run) ^ 

( f « 

. filial jl ^)jaujIj 

jjjJaA (_£jjA»a jjJJ aIjUI AaLJI : (Travel) Jjla 


JjVt uiljJI 



Offset Calculation Methods 

Ajjli) iJj-A A a It jjJaJ (jiu (J^i« 'i Lff ill J 1 .mlI ill a * JlIjlal i_]Lui-X 

( t 

CjVjL«j«11_j CjjIjII • J»jl*_« J_jU Culii J-aljus i_j| i*il "'h ill i if..-v jl J a 

. ^ V J JjA^il A."> t's-ijA JjjaJI LIjj A ail ~fc <|1 

* C ( 

Aj jlj>] (jl 1 -olLla o^La (jj'Vj ^>ia 3 ^ V (J_j ^ 1 . 1 A ~t *J Lo_^ 

• <> ^jS 3 l 

^ Y (run) J_jia >"n > YY^/^ (Travel) Jj^Jl Jjia iJIj-s 

iJjjLajl 

= ), • AY x pY)jt^l J> = J^J J> 








* rr P (aO tm*? rrrrr r^in ir 6 ** 







JjVloLJI 


t c. 

. t 0 JjasJI . £ o JjiaJ JLf^ 3 .i^jl 

"n,\'= ),i\i x to = JUI J> 

Equalspread 2 pipe Offsets: jU*rfl4dl*4 O') 


jI.AujVI p.',A tun,'] 4 LaAjLul* ^pjjj 4_ijil-1 » JjjjjjijJLtt JjjJjjjjLa Jjj£j LuAic- 

. ( YA^ (Jiui . CjUliaJVI jij jjiaj lilAj . J;.Ajjlua<aH 

. qjiixll ^JLa. jji La£ AjLuia, ^uj j_gj L jdi- ft ^Sj\jaA\ JjJ-ali (Jixl! Jjia 

iJS j^yic- ^..0 .Vij pj jj j %11 Iajj i_ u -> qa <iLuJ! jA Jjiull j jj -Jl ijjj 

. Jjjjjljiall Jjt-iS.ll Jjjj jliil Vt AjLuix d ~‘. S ~i. .1 1 i unaj J^laJi ^3 , j ) all 1.14 j , U •>. 


clla-ij jl AjjIj CjjG JjjjjijJLall Jj ili-dl Jjjj jLiiiVI AjLn.j ujGi 

• 0=^' <ji 

. CuG X jUojVI = JJji . q )j]l 


jl_i_ijVI 4—iLaLuiJ j j j aJI LI_jj ■ »t~'s it ^j^Ul uiuLiil <La-ij jj (t a) 





jLuajVt AiL—» |_gj'...ilfl £0 'jji (YA) JiLl 




aLJJ J&j jjxul y Js 


J^JaJt 4jl$jj AjIjj Q&ui 4jjLa*ll jlioiVl AiUut AuIjj (^ A) JjAk 


Jj - aaJl 4 - ajU 

4_IjImII 

°"'/ £ 

°"'/ £ 


JjA*. 

°£o 

'> 

J jl->- 

°VY 

“V 

JLjW' (j4 id* 11 

X jUiiV 1 AiLuuk 

•,*1A 


*,Y1A 

\£U 

•, oVV 

•, VYV 



*( 4JjLulL« 1! jLuUjVl AiLuM ^uUjLi] l (J Ll4 

^ Y JjAaJI) * , \ 1 ^ X jliijVI AiluiA = (J^la]l ^^3 

{) Jjjai!) MUXJjJ I CaU X jjjaJI = J^UI 
Y, n > £ Y^ JoJl JjL 

•,£U xj^lill = j_^]! 

Ail,.« x \ • s-llajj (jjijiil (jjjjij^Lal (J^Iall ^^3 ,jjj»! Y (JLJla 

jjjj Y©£ ^ w ^ * jLiijVl Aalui« —jliijVl 

. f* \ £ X, ooa ="o, VV = *,oVV x jliuV! = JjUl jji 

:JjJ» > ( jA AC’Untf - "1 

:AjjVl Aa. 1 ) ^Uiil^all aAA ^1 ^jA^l £y> jAuiI^aII — ! 

4jjA*a laIIj 2 Jikb Jjlall — 

. AiLoj uJIjS Jib j! L_Luall — 

etc t 

A_i*ij jl Jjjj ^ju Jj jl AAjliiii -a jl AjJJ^a Ajl^jj Laj (_£jLa_JI _^>Aj]l _)yi\yA jitoJ 

. JAa 1 - ',fl jjA JJall ^ jjtaj Ji« V — £ jj^o JJaljj "t> jjiiiLail 4jl$J 
i"i"\i J J Y 1 i"A ( (, 1 < i' £ i"T i"Y ^>Ajil jjJ^a jll»al 






















JjVl (jUII 


^ ^ j ^3j u jVI JjJLai] U}K ajjxuLJl jAj liLa-i 


fMl j ^*<>1 


to - ) • 


To- Y- 


r* - To 


^uLoll jJ-jj jlajUL ej^uiUl Q*li tiLtui 


(j-.-T + v) '•/„ 

(j-.-' f+v ) '■/„ 

(j ■.*■» +V) 


jlajLJlj ^jAuiVl = (3 

^U,1=(r->x',*T+V)"/ u =u"H ;jOJ liLuil .*. 

: >0^ t> - v 

<j-uiLi jUails (-—lit ji (ji OjlaJI ( j >»lt jAjlt ^Jj-uilj^a £\ua>) 


if* A** V* • t^aV ♦ o*» £ 1 


ir* * i T* • to* V 
.f* y * * < \ < 


* # * * 

*\ i 0 ( O f t 0 t £ Jt^Jaljj A a A i j| jl (Jjjjlj jjuijJLj ij_j-uiLa]! £-iuaJj 


(jAuiV) jLill Ulk /j >all jAjtl sjjiulaM jlna^l Liua 
t + K} + *, O = jLpik'yi Jaa.ua r * * ia. jvi t 1 1 ^)Ja2 jj^a 

* K *, o = jLu^*yI j ni t.. >i t * * i * * jLi t^A 

t — K J + *, O = .lajLi^a ^A t • * V * * ^>la£ <jua 

i—lluta. jUli.'yi Jaa»la i—lluta, ^ ^jLa-luJ (JjaLua = K 

tY, itt<t*i^iA (_£jLaJ {Jjala-aJl IjiAj . (jJU tiiftiii 

: 

t * = K L ^'j^ aa 1 * * aj^uiLal jliiik'yi Jia.a i—jluuai * 

0* = Y t * X *, 0 = Y K X *,0 = jLui.^1 Lm .*. 











aLiXI j JLi jjjjjI 


1 ^ ^ + K) + *, 0 = r * * ejj*jLd jUkVI iaiuliaj 

i * = T ( ' - K) + *, ® = ^ * * ojj*uLJ jliliVI Jai-uaj 

! jjAuiVI _jlatU UoLi f‘] > aSI ■ jll a^j*nLJI (jJJ '-*1*-“ 

:^h3l taLJ j.oiLu. dj 0 ^|^wjL«]I ' ^U3fcJ i jLukaJ 

^'njlalL (jAill = K. ^ *, G + *, * * ^ X ^ 

^ X t M ( ^ * t ^ t A l^jIulI (_UUj# = K (JlUA 

^ ^ — k r^jLxd 

pjt ) } (*,<3 + *,*M X ©• •) ^ = O « ♦ ^lail 

^n,0 (*, Cl + *, * M X \ * * * ) )\ = ^ • • jkll jJull Aa^ 

°\ — K Uft £ * * aj_^*uUJ jjJLill i- ( .\j.,.j jUlkVI }nius-i u_lluuJj 
^ i‘=A^X*,o= Y KVx*,a = jl^Vi JiLo 
<~»^ = < l(\ 0 +*. , *'x 0 *‘) = jjuJI 

;jAjI| ej^uiLd jjAuiVI ^jiaillj (jjdjliJI jiaiJI 

. Sj^LB (j.llll Uiia jjjuj jjadjlkil jiaill 

= K. Olj ^jjdJjd&U jLiiikVI iaiuioj jj-lBI ( Y * ) ^3j JjAaJl 

. <U>* 


JjVl -Ul 


jxwIjaU jliliVl vSIau jtJaj j ( Y * j Jji*. 

n i X ' — K JjtU.4 ljI j q>« 5I j*jll 


n = K 

x * = K 

jUll 

r* 

iuLJa 

T r~ / e* 

(J^]j d4M 

r 

u*J^ jUJI 

r 

jl+liVl JaiAa 

V / 5 s 

'£uk*t 

r 

jUIl 

r 

B 


X XA 

n* 

i 

XAA 



o, Ao 

xv* 

n* 

\° 

XV* 

lllii^BKij^31iliPil 

|KJ 

\r 

XXX 

n* 

V 

XXX 



v,x 

rxn 

a< 

A 

rxn 


£• 

A, X 

£X<X 

o • 

<X 

£xn 

£ • * 

£* 

‘l, 

orx 

0* 

X • 

orx 


£* 


nro 

£ * 

X X 

nro 


H 

V,A 

vrA 

£ * 

XX 

vrA 


rx 

n,v 

A£ X 

£ • 

xr 

A£X 


rx 

^,n 

n £ o 

£ * 

X £ 

n£o 


H 

xr.o 

X • £ A 

£ • 

X o 

X ♦ £ A 



: *L%J JJL£ J*jJI ^i j ixl^ll df ' U i (i V 


_^Ltull_^l j A ■vLy^ll AjjLai^jjJlj AjjLujivll _jAwlvail : AjjJdiji jl jjJI ^y* ^UuIjjJI 

< t- 

^Iwlj-dlj - 1- lli^Il 4. WjU^\ qjJj AijLu i ll^ll Ajlj^axu'VU AAjLuj 

t 

. (JUJJAulVl 

~i ,..l ^J| <iLjdVU 1x4 l ' |l| » “Afl _J J ■"lj-»ll ei4 4_c.Llua ^<m jl_j.Il jjiall 

t_lii^]l J ' Ij^ail JSLill (_^4 4 jLajJI Qialj_fcV AjLaUI 4jUail1 A ° j ■» c- illU axVI 


1<l 























ALI 3 allall jyJ\yjt 4jlja ^jS lj i^jWi Jl_c. lLua-uiVI ^ 1 ■«-j.'' T iTm ... VI 

f « 

Li*jl il ^Jl-C- i '*1 J> ..iN I , .^11 L flIJ. j-> '1 JJ ..'lj -n AjljaO ijdJiSj 4 WjUH 41 '.Ip J Ju«1 I 

a '. *ujj (Free Cao) (JtlLLo ja» 1I _^JI ^axoL^I ^ l \ ^a <Jil <i ■■■’* Jr. ^ jia-j 
jjlft Jjjll Cli-a*aVI ^Xa-iuOj . ^idl£ll uLjL.Jl ^ Ajllc. 

4_ajLiLo i—So. «3_] ^jll jA ^jjJI »j ' ..ilK'l J_Lut£l .'/.}& Jljj 4_Luiij _j -*■" * j i ...I K II *. .,., 
alia JiLa) (jiaLajjoSl < jjj ^ jj jll ^SJI Cjlj oLjJL AjLuij^JI (jLuajll a]L^ J 4jlui_jjJI 
aJ . [jn,g Vlall ^uiajt Cj) j aLboll jl 4itn,t Viall Ajjlill CjI j oU-JI jl ^--v .^<11 l oj .>-.11 

* It 

<J*ij jljy CjLijift (.Loll j^JI Jju-i2l (Jx^Uli CjVL^JI 

AjVinii.iVI CjUSJI JLJ (Jlaallj siKftj]l Jljjjj jauiVI JaLjJl i-tKi'n Ijjj aliall 

I t 

. j»jj.nl l£ll CsIfuLm jl j»,jj*Jl£ll CjIiIa jli ;JiLa 

a i 

(j^a JLkj ^_Luilj>aII ^jiillj jj£j J l_lsj (J^ajilj JaljJI Q* ^t^jll 

t 

Aj_^ alt jl ^ j^ aJI AJalaJI JaT- (J±Ji oV-j^allj AK,m.»J killjj c_u!j_*iJlj Ajj «Vi *11 jlI j^aIIj 

« 

. AjVujji^I 

jl A j >1 ju j Al l 4>iI-vV Aj.lj.jj3 fj3 ^ j_3_j_uLall a^all CjIajj jlSll ajljj ^>jJ t laJ t a.Loll 

AJalikll ^1.1 % >ji1 Ajt A^aLkj | j_^lLoll (ji AJ-> ^ * * CS^-J-*') /• * > * ^ A jTu j m VI 

■ AajLui JJjjjl^jxli AjljjjS ^3 (3jLi tilLJl 

“AjjVI ^)a3^jjl AlaljJl * a. ! A \ \ 1 ..i ^^l l 4^3^^]! 

/ ^1 ja£ T * * = ^»jj T Juu 1 

/gS r i» ^ v j»j 

X jjjj j 1 * ■ ^>jj X ^ Juu 

j$ky Jl AaLo'yb ajLX j X^ j Tf* \' • <jc. Jjjj V (Permeability) Ajjliill 

. (Workability) l^aliajal ,>« (jiu Uj Aialkll (Plasticity) Aijjlll 



J/VI uUJI 


i '' — To • ^L£jLI Ciu, .mV I < x m jj (Jal jl ", £ lLua-mVI (jij *141 4 j.mj 

. 1 , m^jll jxall I'no.al 

AjjLjj Jal_j -»-j LoJ l_luili< Jalk j-a j ^ .IjjJI ^iCnKj aJI UUII <4 j 

ejlja. <a.j^ ^ iliJI ajLx. ^ ■ (segregation) ^ialkU J^ill ^or. jju& ^l^a.1 

VI 1-J>j £J-ui4l jLixllj AjjIjaII <AaJU4l 5JU. ^ TA fj£. J-jjj Vj ^ ’ © (jx- JJLi V 

t 

4_a.jJ Jjij liLJjj Ax-Ljj (J£ ^ ' (J.LtjaJ oj^aJI 4_a.j.} jljj Jjlj '/. AO jjc. 4jjJa_^ll Axuj Jij 

. r °no Jl 0-3 J J1/rA 

: A i X lull <ul»xjilj *UJl*JI jitl ^4 j»**4^l -kmJ 

t 

^.ikjujj 1 • * q £. Ajjii V jUajli juluu Qj.li q' 1 ■ <aJ Aj^lxll Qa jj_mI_j4I 

. (_5jA V 0 jA U-i jUl^VI Ja iuLaj jais j1.1ajVI Jajlak 

<ajj2 £uajj ^jIuUj jjlilj pluU IgJ AaIui all AjL^jiJl Q«a _jim(j4I 

.^l^jll tiliil ^Loi ^_jJ r Jxj <a jjill £-jjj tAjlui^jaJl t.i^aj t' <j ■>. 4j.lj.la. 

(r* t jiu: <3i^>yi Od iiiui «ujL* j^i jpwti^ii - 

A ■ J ..J 4j i ;> J t *.: Lol 1 L*_&j _ 1 ^ V l A a '1 .- 4jjLw^>*k]l A ^j_mLq]I JM Q Q a ‘i y. 

i e 

. uL^ 4 'lijli^l ^jjAj <LjLu 1 A^LxJJaJI dJj^utLoilj (_iL-d]l <jl_yl-ui)Vlj 4 AjLaJ 

: wAwall Jtijt- ...*)ft. ijOl o j^miIXI 

c f. t 

^ ^ ^IjJl l 4 \\j 1 4 r~-1) a» d^Jj_wjLo!l &2Jti ^l_J_l| I s - 3J 

< 

jl_AJ_kVI j»J |»L^UI jl 1 * -a j ( »jj ojj-ujLJI ^.-lluaJ X»J . Lj. -aLaij lAj J j aZlj 

jliil ^jL j^-l ■>■ olxall -^1 tl \ 0 .1-iii.iVaJ aj_^iil*li 

~^, i-i • ■ '; 'l ^jlc. sJj^II Aj]l_c. 4 'il^j^i 1 , Aja Aa 'U ^ y ^ . 4-« U^^all 'sj|_^L>iLa!l a Lull 
jU° .jL^a>Vl ^jLu; u_aL^jl J&j\ ■ . ^l 3 a^LLll oj^uilul] 

Vj ^ "1 1 [jllLjj^d ^1 7-V' (3^^“ ‘^LualJ iL^VI . >a 1 jl ® C-iL^all (ilLujl 



dUll j Jaj is jIaa 


Jja IoJjjIa l.tljj Jjl aVI ( 3 jL*u kilLull , O j •>> -vil j fl -v / VO ^jc, Jjjj 

aJ jaLqII i. >J . *i jlu ^aLj .jJixll tilLa 0*— T* Jjjiaj (Pitch) 1« < L. ajj^LaU Kl l 

t- 

J) V ^ i &jjuijUl 6 _j .\ ^k Vi AjlaiAll AjLila Ji3 . jj} 11 ' ^ Wl 

^L^-VI (jjLut A^aij ^JU (Jjit.iVill lai>i>i t jx/n 1, ® Lj£jjLuujJ 

dliuji AjLx^I A-fll 1£I1 A.jILc' ^jj£jj Y QC 1 ^a ^ Jij 'y 4 ' Vu >j V 1 <j^x 4 a ^Ut 

< — 

^l» £ ^ V * jj* jlLiL jAiiiljJl t j-a Iaa aI'-ajj -UdiJIj cJ^taJI ^ i._iE«a.il 

. i_S_yf- I rw i Vi Y” Y (jil Y "l l ^a jlllA.] lajiulaJj 

< t 

(_y* AjljlxuL ^j in-iMI c-liJl _>£AJ >—A_^>4^aJI sLm Jil ^ ajjjjLall ^I^aIuI Jjr-j 

jr* A_Ai.!i]l iioJa ajLaa! (Poly Ethylene Tlock- PE-Tock) jiu) 

a til-i^ jLgAVI ^jjlaJI lilLiill i «! pjj <jli aJIx. Trlilj '' r -j . u_aljJI 

i * * * 
<jL«aI A jTk m^l Aj^all ^ya 4_ljlj Ajulaj liiLJI ijlaij 4 iV»«...VI ijjJl As 'L jjj (_£_^a i 

jjJi ^aLaII (jjiJ SjjauLJI ln«.>i aJiLlj j^La hoJ jjjkjj Q. 1 a JaIj . . 3 L$aVI (jjLn lilluill 

jL^aVI JjL 4HJI <A£'Lix4 

:> —»Vl j^4J<UjL*i5J^tahl! 


J •,.! fA-j L-lL-all A_jljlAuiVl (jjiJ ajj_wiLoll ^LijV a 1 a_^jo 11 

^gi l^-lulij u A jAui"'ll jL^aVI jjJI ijl vLuVl ijy fjj . ^-llwall (jja i_j]ll ^g3 Lljia iiull 4_illc. 
cKjuj ‘-~'j jiull aIuhj OlilA . ‘ iLaJl i_j]Ull ^j-liLa >L^ ^^ic- AjL^j CjLaIa 


Oua !»1j 6ja <jjLu;_3A l_Lua <il£La L-lllilt Jill .oJjaiLoI) Jj-uajj]! ^cJtxui£ 

* 

^.i %. JLill <J^b Aill AjLujj.^il Ciijll .ujLaJI ljIUI (jljj^ j-ail 

lJLoJI n,l I silu Jju . t—Jlill aJIjV 4jfilSjl ojill (J|j-L-a^l 

^ (Pilch) iL^likoJi ^)Ja3 Ljijiij . J4a a A^ ^ aI Iftlrt XuJl ^Jlx^ 


dlUl) ^jj_^UIi 4 \ tl^vi a! 1 4 ^1^4^111 SjijuitLoll ♦ lA^)ia3j ^jllAa>Vt 

^lllj p>A aJI ^LSj ^jlc- Ajj >1 a.all A A-iliJI AjLujA Aalaj ( 3 jLu 

*. 

. (jijiall hkjjAA l _ J ic- Liai JjiJ ^j-ili 0 Jj*uUI1 ^Jaj (jic. (jyjili jjo i»J l jAAi 


VY 



JjVI V UI1 


4 

4 al-vll l! 11 % (Jj^jlj ^juljlLi JiLj -vVI 4_LLii 4jjLuiJ_^]t ej_^uiLdl - — i 

* 

(jJJ La J^jlSlI 4jila]l IwJn Ij&fcj i^jjljll Jjjlil £3 Jj >_>UaajiII ^jjj Jjjil 4jl$j 

* 

i ^j ^9 ^jj ^ill ^)1 .UvV 1 1^^ . oLiaII -iliil AjuLa aLo^II QjjSj I Jjj ^Ijllj Jjill 

y e 

!“»• *** ly JjJLuLill lr>» i'n lA c- £n % . ojjiuLaLl (Jja^i'iU ■'—■ qc- JjJjj VI 

4 

(Surge) j J ^ j ^il i—iljil-iiloV I k_jj^>la tliaj jljy (Jjjuij Jn« .In ^ ^1 . U^ll jl jl ^ I 

. (Jja i'iiIII 4v>Jn ^yt ’/. i ' qC- 4j jhj ^»^£. (_juL.il 

udJUj tilLll JSUII 4_iiUuj_aJI <LLaJJ CjliL^yi ■ _iimj .12 ^rhiVl 4 a1ac. ^ 

* x 

jla]j<L!ll 4jjaiuJI jl Lj>ajlVi JLc- CiiA«VI 1<nJ AjjljJwjl 4jjJi]l 4jla. ^ij . 4j ^j ,.-»a 

4 

. i—iLnall 4jl^Jaui!>Uj jl$A.V1 |_3 jLj i^L., 11 4jjjjl£]l AjLaill (JaC. ^jiaj Anna CjVL^ 


aAAj , —il_*^a 4 lljL, ..I /jjoJ ojj_*jiLall ^jC. 1 il4 •>■ J ■ )L<*ill 4j|jln mV L dj^uLaII ^ InaM 

l elajVI jji JJAiiU ° £ — X <Jj-« ^Ui~i jtLtlll i (offsets) JjAaJI O^Laj Ja*mJ 

4 4 

4jLta. ajl_« (_gl jl 4jLnj_k]L i _jl^i-a]l f_’j°“11 ■ ''■-■Jl j>a ^\. -»* A„kjjl aifcj • tLI ... i_jjlLuuall 

4 

•lS^ 1 

.')\r oj^UI lJj?J ^j ^ Vj Lgj ^jiulj aL-Qj VI 4_fljLui ^-j-ojI_^a1I 

4 4 

Lqjfcj aJj^uLall “'■"‘jj V _j' J "' *>■ V' (JajC- ..\ 1C-J . aJjia^a 

i 

a J.1 lilijj ^4 J.U1 >11 4 jt a -v'lj j *-V' Ja£- i_>L^ ^»y aJ_*i c-UiL 

aj_^uiLall aLuall ^eaLcaJLaj ^Laj Ajjja-a . aLull (j^aLu&Lalj 4j].-yiyi 4jLjj_ii] 

jliLk VI lAAj . dl3 j]l JjlLa lr»i'i-all jl^a'ltul LS^ '^sLa-al] 4al,~^. Jl aL-all ^ *' ■*■ *'« J*aaJ 

c *■ 

. j.j-'. |i ;...yi tiUi£j 4 j-'*'^,.iV 1 ■«1 4jj^la]( 


vr 



aLxll Jaj jjmjIja Ss ji-' 



uiLoJI Ajljk^Vlj jI$aV1 aIjUj AajLy^i ojjmU fjk *JiL» (^^) 1 



k-ii-flJI ij t^J jl^O’l <LU*I Sj^uLa ^JaLa ( ^' ) 

--.- Vi 








JjVi yLJi 


jAjllj i-.ili.riI1 Ajidlb Ajjlj Anil sAJArii Ajjill ijj^J LaJUC- A-ajA dllA fja _jAAwV 1 

• aLaj oLxaII Jaj Lj i saLc. - jjA j 

« * ( 

< C-fll,waJ lLuaajjVIj ^wjjV>11 (jHjJLLutVl ^_)a ^^Llui VI 

t 

0 Aj.jA LaAj - A a. '■" nil d UAui VI ^j-il liila (_jAi «jjjbt ^ u<aJ j . (CrUShcdStUld) J_-aj_II 

« t « 

i-'iu >jV 1 L^bjl ^a^aLuloI! I -LnjAj LiiajIVI ^jiLc. dilnmVI L^liiJ ^ ^Aiduij ( _ s dll 

* t 

11 jli.Y-J loji uni -A (A <_a> iu tl diLa.jAi £cjj] ej^ulall jl Ln£ — (_£Alnll (_jAjl>ljjj-ill 
. jldiVI L«UiL ajj^iiLoll jAa 1 *U®j dua. V • t Y £ i 1A t 'i Y 

* * t *■ 

t ^ I CJbLlIIj t ^ \.A 1 La 

c « « 

^Jl C-Lollj V.VI llllj.li.uj lLuaajjVI JA jIjaJj lUjJj 

* 

i Aa^i J\ (Jslj jXuj 4la«nljJ <ii3j]l Ai \V\W oi& (JaaJ . ojIaII ja <JU9j <1 di liflMl 

t 

L£jlj AjIajiII & jjfc «.ljjl . ^4 * v Y 0 djlaiaj a1a]q (J£ OljLllaJ oj^uiLall 1^9j3 4 juaV 

* 

L**Jfl \UI jU^JVIj djLall l jaSlil aj^jLJI Jjis (Rollers) <UaC.lla 1jIj5o 

C £ 

JLi.AU (Mandrell) 1 il-raJI AjljlamVI ( jic. ja * ..VI ojij*uLall JlJ3 . Aalldiall 

t c 

Aid ill A_a ijjill l-hlam'i . J,VI dlLlI tAJ Ji2 ojj-aLall Aj^miJI ^Lal AAXui. Ajjl^jlaujl Aajj3 

-U i ...K jj ^ Y — Y iA-J aLlall j^ajlL Laj dLuill JX~i ,,.j A-C-Lo X £ — 1 Y Aju 

Thrill ^^-a.jLili jLal l ^1 djUL^jll ‘ cU^ll J a£.j i—UA laJ Ini 1 V 1 II ^j-lUc. jl i Jl 

lai-Aa i an .la Ui <'.n; ^Aj ^aJI ^^SUjLLuijjAj-^JI jl ,u.iVlj JL-ajVI dll jlx c. (JjUalTll 

) ndal . JlLii Aj ^ ^j'l inm^l ejjjiila oaLc. . aj|_j*iiLall Jjii'i'ill 

. ^j>-« Y* * jjJls. ^a-a ^ * d>*) YA jlklUj jia © 1 £ i V Jljiali o__j_yjL«!l 

fr mj ^ Aluaj jl (Gland Polt) dll^l -I i i'i ...1 i ^Aj ^jij iu uAu VI ^>Aui1_^iaI JjirTjAll 

t * 

^®All (JfC' (Jij V JjJjJ £L-0 Oj^luLa 

. c-LJU ( nfdill Aic. sj^uiLall ^-lidV tJlAj 



dUI Jij ^Xuiljd jgjU % 


. ajji jllasVI Alla ^y3 4*Laloj La A_vjA Jl 4_iiLuiA LJ \,., ..,V1 b_j_j»uiL« 
a-^Lc-a L$->J Alla Js AajlAil Cjbl^aVI jjaaii V V* qa Jil jiaL 

A 

Jj diijo L Ju£ .*JaUJI JjLaII aIL. J Al^.,,1 ^kajjj (BeamStress) 4 ; .-ij 

t_£All aj^iiLJI aliLLJ ^llajjVI L_iixi <■ ' j>j Lc£ i JjIajHj JLill c-Lul .VI 

* 

L-JOJ ijjiuLj) l . 'j £jj AAej . oA^Joall (jJjJb *■ iuu£3 V jllj AjjHil ^jjAu L (jl 

A 

J l.. i-au ^»jJI 4 AjUJIj all (Jj£ll Jli Ja ^15 jjSjJ 

. (jl^yi aLL>j AjjLuijaSI jj-u 1 _J Alla. J ul^j LaS J (JjfUl aAA Jla. 

4jL)L-i j_ua Jail CIjVU A..) ib Ajflj AjLia iJ £jjl_L>njj ~l j-gli jl.j-WV1 

jIajJ ^LajuII uUAj jl )1 % yl (JiS ^jj £ —Y aAal aLlalL ajj_u<la]1 «. Ja ^ jL 4 1, n ~> aL$_^Y! 

. AaslS jjjii V jLu^yi ^uhj jla iiU a juiii j»Ae Alla J j . oUJl (jgluVfolj oj^lail 
^jil AjjatAill 4., ftii Aol oj_^uilal1 (jlj (ju^AlutiuVl Sj_^iU s. JaLall (JjLllJI Ale 

c 

A_*J Ail i tu 11 i-ii.kO jUial Jail-kali fljljj J ^jAAill p-A Abjj jllj L^_JJ jj j£aj V 
ojj-wta jla jaYl i—ulall Jc j£lj ■ tliijll 4,«.i.V->a jl y A. VI CjlJai. jjSj lijj 4.n^j-ill 

. CiSjll oAbj oj 3 Abjj 

Jtjl ^»>kI rtUf1;11 atfVI Al^ll - Jfc 

AjUaoJI A^a!)Lu' Jl ^L')^ aliVl 4-ii^Jj .jj^uiJall oAA J 1 t *j » ^ .a 11 IJaj 

Aj^lj lilljj i^lanJ la ill ^ Y jJ*. La Ij^aku ^jlJJJ (jllj Ajjia-uiVI 

J oLjall ni Aie (Jljj J J A^a.j |»-l-C-j (jAjeall r rlu i ; i AjUaJI J —'i 'il l j»Loi 
(jJalia J A.jl /. -yti 4 aiL, Alljl 5 JIa J jJSLill fijj^Lall JxIaII ^ la mi l ^j<bJJU Lw A 5 1 i AJI 

A A 

'* 1 ~< ' fl'1 JaiuAail jl A A A j Jl aliLaJ A-uLalVI oAj-aJI A_i3lj_a jjli iAHaJ . (Jj. ill'll! 

e t 

£ oA-al 0 Jj*uL* 1! J clall ^tAa j»JJ tbj> • AjiLtuiVl AjUaill J-Aaj qa ^»U1 V Aau 5j^ulall 
. dju^uiLol! j y ^'-j 4 .-aAi l BLiall A_ia£ aIjj jbl^yl Alcj . AjUawVI Ajlladjl ^t A"'!! A_eLui 
Lol . Aiiaall ^jjAill iAUaSj J A_aj^Ul (J1 jL>_ja! 1 (Jej jjJalll Jlalla i—iLuiS A yjAJl t ') ; 

. #Ua11 Ljp-aluialal AAe (Heal) jjAjIj Aia*e Jjill Ajjiulll ^-jjill 




j/yi uui 


(Gravity Pipos) u Tr.nttO j*al I ^^ iVt,,,!'. jloacftt I y> (l_j -Y^-w 


Crushing Strength ^Afill SjS 

>S1I 

JiWI 

jUll 

u*-Vl 

ro* 

jliaJI d**i 

to* 

jlioJl d*M 

t Y * 

d*M 

No* 

jiaoJ) dcu 

\ * * 

jlijJl JLfcwi 
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:pjAll ^ULi^Jiaj ^jjVl w-i^Jahw d ih.U a UiLm- id 


?.'.■*■') mj Cu^ jliaJ VIj ,Ja»j jTjl ~~ jiuilP jjjl lift ^.1 Vi... 

jj—L^a] 1 > aj---.il *Ll^« J*_1J <J£UJ1 J-ljlj A-ajlU AjjLa_i_S dl^AJ nlLx^ali ; \ ) jVl i _Jjiali 

u jLs j ji« r * - y * 0^ £jLA? ijllj ^>C* 6jtac« JaUaJI Aii^)Ja . Ajjjldatll 

4.^1 jy.Il 4, -vLuaIIj Aj jLftj! <jLuJ^kll t_1 a-£3Jj ji_aJl fjj I^jVLS JliJlJj \ y * I ^ • Cy* 

£ C 

l$j^ OLuiUuVI AjUuji. (JjS 4 j ijJJ (_gjl^xll 4j^lla_dl JjiJlj 

c t c 

Jj_a. A Ail jji^) -i.il ‘ —Ia^Lc.1j AjjJLJI |J° i-I t ^ ) ;V1 CJjillj 

C 

^ aji^ujLJI JiA.) 1 ^ i viii J Aj^lUll ~~ * AjLujj-aJl t-^Lu 

.L-JjlkJI 


vv 

















TTfp (^rk— l) "’’If 1 fjCjC rC(i«fr I^pr^rnf-O; 





JjVI oLJI 


^1^11 

. jlaiJI JA*ul>*J liLlui^jll JAu !JA t_l<uuj bAAj 

(Plastic Pipes) 

:1_aAj —• 1 ; -j ia ta ^ 1 ^ ‘ A>a 1 ' A j “Sl ' ^ sjl a fl i 

(Thermoplatic, And- Thermoset) y*jM 


:<■ U*i <M^U ^IjiM 


baL&I aJjalJI aJI^. ^J1 l^jjA“'~i baIc.] jS>u 'uAl'jjjjMI ^jj idj'.AAill baL» 

(jx , i-^lj '\ ,nt^! ’S ’'l -» SI j ^‘1 t *a S j.j 41 diji^. QjAj LaAjjjjj 1 .gliSiVl 

Aic.j . AjoJI al.j-adj (Jji_aLJjl Vii iV-i ^jAalt •> .iVI £_« <j A mi 11 Auc- ^jjlj i^L' “At j^jAll 
^A-uilj^a (Jaa Ti j . A a ^ ^ j-aJl «L&j\jLo (_ji ^jAal 8 ^iVI <Ju LulAj Aj^L^ ^>1^1 i<at Alj_>xj11 

:AjjVl ^IjjVI i^Ij'.^Aij-bjjMI qa ^IrwAl ill 


ABC - Acrylonitrile Budiene styrene 
BVC - Poly Vinyl Chloride 

PB - Poly Butylene 

PE - Poly Ethy lene 

PL - Poly propy lene 

PVCF - Polyvinylidine Flouride 
CPVC - Chlorinated Polyvinyl Chloride 
UP VC - Unplasticised Pvc 


(schedule No) ^J^a-aII 1-*] ; ^■ o ^ La /*-»!! ^a ~ i c ~i... 1 ^all ulLci■ ‘ ,V A ^1 j j ^L ^ 

» ( 6 
(SDR- Standard Ajojilaall aL*jVI a j j) jj Aij«,< ajl a_aja auc jlit V VI 1-jCra ; jl 

t 

bj^oiUU ^jUJl jlaill (jjk (SDR) A^Uill aUjVI a o^j Dimention Ratio) 

c 

♦ o^)jja;La!I ^3<*n Lq^ujLq 

_ 



£— 1 J3-* j Jflj ^ jU-v 


* * 

( ( y y ) JjiA Aj-wLlil] jLajVI 4_luijj viliiui^Uj-aJJI qa Ja« liol) jJjjI J (JljLa 

(J-al » <9 . j-o A* ( £ * tilbLui^U_^aJ]l JJ-uil^al Jjj«_ul1 ■'-* 

. | X i ^ (Jj-laJl J ^-aj^o Bjl^JI £• lijjj 

J LJ,lA-'lJ Jic. A_ia.jl_a. jl Ajlib AjIa^. Jl V Loj-ac- Jliui^/LJl ^j-Uul y* 
jl Aj yLa£. LllUlik>a Jc. AjjaxaII Aj jj]1 J L 8111 i_J»«aJlj olbull oltjj-uba 

jjJajJU ^iC- JL . ((jjJjjl^J!^ Jjjj_l3l Lbl i ~\ A a «,il jl CjIjXaII 1 .'siJrXJ aJLx J 

t. it 

• C- ^ J -Q *v] 1 AjLuj'^i 1 ^ 1 A 1 fl -ft L fl\ ^ A 1 ■'!! « t jfc 

(jiaJj (_)«ujdll A *Mt')i AajUa ejjj*uLdl (jls bLiui^Ull a^La tljljLol t X Ail^oj 

. J^iVi LgjjL> Jlo L-i^jJu]! 


rPVC^^^I^I^O) 

•iijjj ^ X * i A * l t ' ^ (JjAaU (J jLoJ A_uaji rt> a l l JaiJlj J ^ Jiui J> 
ciiliSj Q_jll Aal.i'^iall -ijoll Jl qJI V—SvISaIj . (_3 JjVl jl (jiaAjVI (jjt Llllj 
A b-'ii Q^JjS AiUaJ aJLx Jj . AAlujaII ^jAuillSll Ajlj_^sJ (Ja ojlc- ;’) J Lj j]l «■ J«31 ejLol 

t < ^ 

» J-UiLiaSI A-ajlLft IgJ 0 Jj^uUl OJ^J *' ^ 


^Jk!% \ut 1 ur* 3 ^ iAI b i VI J _jl ui ;V1 Ajt*ulj tilbi tii^Ljl ^>Aui Jo tjT - 4J 3 

. jji ^^3 - j A ~'..i*' 1 a ^ ‘ -^->iIj oLiall CjISj ■'■) jl,i% ij ^ 

AilaJl jl I jjia jiliiiuLi Lai _J1 . A_lJjJl oLJ jbl lIiUj au j * ij l£j)1 

* * * 

, ^IjjII 'JAaLulaj j\ iajj>li]lj A.iI%](j j\ (JjjJlj ^JIl1jI£31 


CPVC :oj J&ll U+* J* 

^jli ^jjj jjlll uJa iij • A • i t • Jj. L _ > U ^jLi (_sjL*j q>J ob j-j-w!J l a Jj 

jim\ja ( *l^a-iui'^l (_Uj_ 5 Jl-iJJJ J 'i T”, O Aiulliill ^UjVI Cib ^ualjl. ( 2 ^) 

_______ - A- 



Jy/i v uii 


(jA >lc.l ajl ja A^jj L _ iUajj jjjJI AaC-L luqJI CjLaldijjjVI ^ JjLJl bU-JI 

t 

“jb^ *-*_P cs- 3 ^' • S- 1 ^' »J>0 ^ (ji ^ ij u?> 

4. a?. -^TuuaII l Ao AmmIi AjAIc. L^jjAS (jiaLaJj <■' 'J ^ j» ^ ^^A ,»)A_iALui>U 

• cr“ cj® cs^ <3- 

(PE):j-Ly^ i Ji^l^(r) 

l X AiUfll aJU J <jj£j A-9 jl Ijlj] ^-Jl ^±u»\yA 

Jl oLjjoit <Jajj jLiJl iliKi ui ^>.1^ JijoJ ^jjllaj ^j-JI JAjojI^ ^lan-^ . 

< < 

. 4 jt--l i . lAjLoIaJLLuiVIj ^ Ini, all L_i<_£jJI ^ I CjLqIa aA-uiVl 

VoJ "f L_kjlil f'j >all Jiddlj l-lL«aJI Jiull jjj ^lljjJ 
I s >dajl . X * (J j , i . u'lll ajlA^.jA ^ ^"r<> ^ijii^Su 3 L 4 — 1 I 

p 

(Heat Fusion ) ^L^illj JjJJIj ^j-i^uull ^a J^a^jjU a * ^ v n*<oH 

. CjLailaJlj 

:(PL) (?) 

■o**d t^k? ‘ * * (Jjl"l %11 Aj_uil <Jjlj ^UilJj^J J-lll ^ j .Qjlj-^a 

4 A^kjl ^-3 cillA-Sj ^JaLjuaII LJB^)-^a ^3j A-LX-li^aJI Olfl j jlV)ll ^3 ^)_J-ailj^oll o AA 
* 

(_ijAH_j jjujjll (jA A^a 'l-a hiiftll r_h. ,■» U i_j^uail 

P « 

‘ — al . -'] 9-mj »-> Aii-aj jl (G-Bolt) ^'l.Y-k "u>;L j (Jxm3jjJIj Aajj^SII A-ajLLallj 

>( »"AX JwAiU oj^ja A^.jJ 



<sLjJLI J-JJ-a 


jUjVI <UiJj jLuiyI JuJa (XT) Jj-iA 


PE 

cp\c - pvc 

SDR N° 



SDR N° 
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: A * i t • JjJa Ajuj* ‘Ucjj j Jlsj jbuiVl JaxJa (XT') Jji* 


CPVC . PVC 

u—Vl >ill 

A* Jjik 

dljj U“L> * * Jj-la. 

AajSlj 
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dus l>*L> 
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tt. 
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J*L*->i X £, XTY jjle- ^-uil X^ Iq£L Jl A-»j>* / JLj <>» JaU-a 

. 1, A ^ i_) j±*\ jLj jLS Jl A^ajJ / J^j O'* 


AX 














JjVt uU 


A|V«3^>»j^n £y * ■* jjm!>a11 Sjljaii Aajj] JaUa (Y £ j JjA* 


^j~> .<i'i!l JaUa 

SjtjA 4 ajJ 
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.jA Ale jl.i 1 kVI la , « ,<la Cn % ^Jaaj 7 tj m 4/iill (JaLla jIaAaVI Kj.Ai ujj-Aa ^jj 

. UukaII sjl^jail 

. Sjj^jLail jUikVl !■*» 1 la ^jA /{ © ' (Jj&ulll la*>'■" 

Ar - - - - 












iri frU ii l I Ca*—^ qj^II Jy> ^ .Limm!^J1 £a - o 

(ReinForced Thermosetting Resin Pipes) 

i_jiS jjII jjUI l j jj, iuu sjIe.) (jiw V (Cured) iA 3 jj jl j»aj 

^ > h i i 4 1 La_'E jj5L tlij aiij-ajjSjl ^^jJxulju . Ajiua sjLa LajE ^yAj ' 0 , "~' s ^.' ajLall j_£jla_lls]t 

_jjaii(_yaSl ja £-^ill IJa (j aaij cJillj . ^LCa^jiAllI ^aau <_£jjlj ^gj^La^l *- s j-^-d h 

. <_>u>La._^ija]l 

(Jjituull s jlja. CjLa jJj ^AuiIjaII eXA jaj 

l» ' i 1 Epoxy i_<iy^i‘Li jlui^sil ^yiS^jjVi 

' ' V Polyester ^a.Ukjil L_s_y<a31j ^luull jluijj ^yjyill 
^ i \ 1 Vinylesters ^ j- ^11 < ...d l ^ yxj i t ^Jaiul! 

j» ^ i ^ Furan ^y^LaJll c-i_y^xib ^tiuuli jjjjjill 

, Ajr.l I, —■ il ClULudl j'** ^ l j3 - Sl, I ja y- yd' ! ilAj 

^ 1 ^T* ^Lc. Xu L? a.ljkj]t C-jj^-alL £cLuia! 1 Cu ejla i-~v-» > x -I ...I _xi]j 

s-iLall Aj i—a.j-»~ij La! (j]»j .^JaiIjaII iJaj(ja]l 4 AjIaa1I aCjIj_^*]!j i_ljljfill (JSLiA <JaC. 

* * 

. a(_£_>vl (jbl J£- 1 ^ CuiXiuil AjllaJI sjillj j j J1 Aij. ja 

2-Wi ^xllj (Fiberglass Reinforced with PlasticGRP) Jl Sjj-aLa £-X-aj 

a-ilaS J-imjl ^jiyill CiVLaJl ija»*j ^ j ^ya.lajll i—ija^illj jXuul ^yJyJ! ja 

(JjSuiJi jjic. ajjJlIj Sxjyll Aj*_uiaH ^jAuU<aXll AiLaa^li < _ajlidjl AlXaia Xlj'imLE 

t 

A^ajUall ijifl A\j a a ClVla-a ^yi j-iai)j ^ _^ll! (j-lc jjiii |_$jik.t Jja Xa.jJ . -L a . i 'o jjjj 

JSJJ1 J^ll dUa^UI X*i . Ailia j^3j (jaSyilVI o^La (Jia ajlj-all j CiljjlajSill 

. i—fl'XaJi Xc-Luull (JaUI (JxAj - EaJI fl^LjaiivESi sjLa ^il (_ llion Ajlj cuj!1ia1I 

(JSx ^ JjLJI (jA *£ji liliXuibLJI ^ j La 'i ^ X . v , l ALall ^Lajlt cjj—alt 

. (Jii l ji ^UJ AjU ^iiii(y«31 Ax-liao jjlal^jC-Vj Aaalaj OljjJLii 


JjVI obJl 


i. tl'i% ) . i Ajnj Jill jj...<*-<l ^1 ^_iut«aj jIja 

Jaalj £b_iVI (jjia i_JS jSilj ^>aaI_jJI jrlljl i jail »n| CjIj \xZ. i_aJ (j_>la 

t t 

<■ a'"l % J . <—uLail j>1 jl l_llnall jji AjljJa^l jJ lc. ^ -»■ j ]\ i ‘j • ^11 j ^_ui^)jI j 

I—iUl Ai*J . i_Sj-t-a]l j-o £jLu!I L^j ^JLny. ^^jl! 4_Jjljll Lilia LuiUd £-lliVI I \ )ia 

Ajjlj J&ji ajj^iiUI V Ajjljj j'l i_j^jua-ll llljjJJCui] ^jjjjlail 

^jic- aXaU-iall ^jjIjaIu ^^.LjJI i_tj-uoil Llilj_a_i l al Hc-j . (j;jj) *- allj f-»' *- 

t. 

. ojiuLJI aj3 jji _)jju jl jSUj 1 * tjiua Lljj 

^ lillil (jja_>11 aJU. (ji >vVil t_U.x» jl jSLu GRP ajV b^j 

ajlijj .^-J-uiljjttl! j-aVl (JjlAjll jlSj»V lilJjj ejj-ui'ull jLi_a. ajji ajLjl LUjUU^a] JaX. 
AaLtoV ajj*uLs!l jlja» ^jic. jj»» J-»j AsLaL Iajjs j] jSLu (Rigidity) <*^ - -dl 
ui Aj.i j\i.ill GRP jj-uib - jc. 1 *' , '" k j jjdjdl j-o ^-jill IIaj ^jjiJI l^Iau bjLj^ AiLki 
^J-Liiilj-* j*a “ilSj (Reinforced Plastic MatrixPipes) jL^iiJ ^aj RPM ( _ s -«>-^j Ail 
(JjCLaJill aj-lillj (Jjljull (j ; jl AiiJ Ijiaj j >all £-jiJI j-* RPM 4 GRP 

Lsja-C- dlji mvLill yiA ^Ijll ^5^4 J* 

yui\y&j ln« :>i II yaSi ^JliLUAJj Jaxuall A&ill j-o Ji; Laj IjLa. 1 »£.lj ^iklj ^clsw Olj 


\ V jjlc. jjiaiAiall ,Vl»»'<-xll JJ—jljAj (_$^3k 1 ^jlc. jl.l^jVI JAull_j^9 kj 

VT tV* sT£ 4 Y * ^'1 i ~ 1-) ^«,„.'r-i^ jjJIjiJIj jfi AjJiall ln» >>ill _>J-unl J-*J (_$>-?• 
1t 3« X>>] LLlL i-tll -VJ ajij—uiLJI jiJ ^> ■» -' . (_>LA_*jl i il*»l I " A fl '"' k A jljJoL a_J^_uiLall 

• "h' jjia. ”1 jliaiL ^ijjj .jlniiVI 

AjSjjILliijjJjAj AjjLajSj AjSjjISjaj Aifcuia ujljlaii] aJfc jAuiljAll aiA jjlc. 

e 

ajtxiwVij AiLaJillj jLjuVI ^^nll ^ijU iaa^oll jLiLa.] L^Lu A all na ujVajuaj 

t 

jJLujl jull A_ia£ ,3> ^1 jLiJ_kl Lai A-^lLall j-Uni_^dl ^ * <Aula CjliL^illj 

o j_x> 4^C-Li-Jl ^ j 4 n in ill i ^iL 4 1 j a <J 4_jk.LvjJI t o j_-l^i 1I ^j_uu (Jiilij A-Sl,. t vixtll jl_^allj 




sU! £jjJL) is 


^jic. JUajVI jlxLklj ^.Inj ~»i J jL^VIj jjijJoJl CjljljiiJ . eA^ij 

^$-3 ^LgJl jLiAA VI Lai . A j «£]l QA AjjX. (_jl-C- diliS '* J ' .-.all (Jj^JoJI 

CijjLSk (J j-u t„U-aj bj^uiLJI fj a a-Ilc. Jj a >.i i (Stiffness) »-l ^--Jl jl <' cj 

fljlj-uiLall A jj r - ojl*j_ujl A ■ ^ 'j - (JLill ^ja ajjll v '■ C"- j»j Lall \£> '/, 0 < >•'*'* U l j .‘-»t l 

t 

ajj-uiLall ^lal] It iL aJA jl i * il aa .V'tl i a.^.dlj I W.i V 

. j^Lall jLikVI kii/ij 

* 

*klujjj jl JaUoaoli AjbIa j diljj ^i ~V.il j ( J 

« * 

t* u % jJjjJlj (jaljiL £U-alll Aij^la] 1 a \L j \ . dj J1 .j>»- . J.j C - . JJ9j . 4 X i~lK i J t 

# 

. JaUa-all AiLa. ^I.Ia WuL (jaljll jJjjll 

*L*S ^11 ^LlUsII olj cLmwVmJI 

Laminated And Composition Plastic Pipes: 

AjILuS liiunvLjj^a>jdll ijA ijhmlDLdl jjjJ La V j likU^Ljl Jj-uiij^a (j/A I liA 

^ja Iaa_j . ajj*aLJJ jjajAll ^ja tdiiui^LJI ojLj (Liner) a_A^!j 

J*y is*j (Duallaminated Pipes) aajjJJI CjliAJI cdj jjJ jJI iilli£ ^ jjJ y& 

. Aj^Vd (JA aJ Lai ^Ujll i_i ij*d]L jcLaall C.ij.u ja jjiill Llj-aj \j ^jj’iU Ll^a 

AjILc. i j-a-at; ojJJ oL BJjxuLa ^lliV liliLui^Lll ^a /jjLtali -ii A'l ...1 JjiaJ LaS 
qa l tU oil jjisL^all {ja [*] &J l^jls siLiui^Lllj (j^tjall qa ajj*uLall aJIa ^ . (JSL13 A^ijlLaj 
(ji i-^lLJ.a^Lj^aj-All j 4?i-XJL QA Jjlralall j l^Luaii^Lllj ^jLJI 

. lilliw^Llll ajLal JSljll CajlLaj (Jaa^II oj3 j jjA*>alL A^dlkll AjiXall ojjiuLail jjjii 

Vitrified Clay Pipes j&Jd I 

l'jKiJ ^ (Jj-ui J mO Vj jlXjajj fjA ^td._^-all jLi_ill 

* 4 

^yA t-ilbll ; \ »- -“ "j (jLljjuiVl ^aLia AlftJa (ja ilaillj a Jj^^iLall ^uiij .luluil ^ 


A1 


jyyi uLji 


^j'l < fa .t 4 <~ ^Ll:V “LiijA-i^aLk LjUa^t_k ^3 a-Lolli Jalajlj j j 

. ^uia JSJ <^al_k ^jk ^ iiLtuij jiaiU LLlL oj_^uLJI (JjSuu . sjjoiiLJI 

t t 

jaJj ajljj. Ljla.j.3 (1 unnel) Ajiij jl ajjIj Lai jjl^sl ^ BJjijjLiul (j )A 

*■ i 

nLall j) lIuIulS^JI Jj'-- ■" jl .nUL 4 n-> »ll ialikj Lol (Glazing) 0 ja^j ]1 ^ > 4 ‘j■»■* 

P e 

Jja-C. -jioj . tluLutSj_ill i—1,1% !..■ a ^3 l ^ ,i iStTi Aaj ajjjjLoll ^aaj j! AjjIjJI ^3 

‘U^.Uj 4Aila 41c. £tJiii duLaS^Jl jl ^lall lSD^J * W jlS jl jl ,jl^b La) ^X^jill 

dLa-uJL aj_^Lall K.ih,JI (ja (J^lill A^qjILaj shall jlij] 4j«->La 

alljll Jj,A.-vl]lj ^IjJLiaiVl <lLi (_jjl*ll .ia <ull JjUj .LljJl i^La.iJl J\ ^.iLit 

. jVh'l Ls_ila “W>li. O^-ljiaj gjljj 0 sAal *,V lain la I »jj all jjl aj 

(jahaialj (Jj<i aull ililjh'i'hj Oh_jlailj LajliLaj Cjljlili.1 (_£__)aj La£ 

,*UI 

A lila. .mVI 4jjallj JalilsJl (Jj •yl jJi-ajJillj JjAjIj ^uj'ij^L ^Jalllj Jj_~jl^ajl l 

. 4-uljJull Ajjlll (_yi ((Jjilh AIjAa * j A ~|V| |a liLiu^/hll ajLa) Ajjall AL-OjII -I > A. n..l 

.^jiLa Y — ^^ j>a J4*4 ($■*!' Jl_^ial 


(Joining Method) (TV -ft) Jtfhii &jb -*t 

^^3 1 j»- o J ulc. pllj Ww ajlc. Jiul^xll {j .a 4 oil A. aII f- I^jVI 

i_L<ajJ (jl (JJ • (jAikll 


(RigidJoints) -uLo oH-aj 
(Semi RigidJoints) *JLa Ci^L^j 

(Flexible) cjUuaj 

• Jl.t !^tt i-.M .^jtl-t 

p *■ 

jUJ jj (Jjl l -'' 1 1 ■«■ * V_j CjL&jl&jlj i_) J J "ill jl d -yUl ' Lai (jj£i 4 it. --<11 OvG^jII 
(Jjilij (jjljll ^LaJ (Jla 4 *j ■s.Gll Cj!)Lwa^l) oilA . Alua^ll (_U-C. Lxj aLI fl ull j_LuJ_^JI 

AV - — — 




0I4II Ji-i -Is jkl 


<J£“ ls^" ~> £<Ioj jjSbti Lu j»l_alil JLoJLS] Jii 11 i jjj If. t\ -v't l jj) <jSai 

. ro t rr 

:Cil .abrltl()) 
** aL^ 3I ^iLL'tj^al oULill 
. i ®) (_^■’•' b~i»y ali Cibl^il] oj_j3 ^3 ej_^3 ^>LaJ 

• ( ^ ) <J£" tkjj t_>ilj f»UJ 

. i- 4 !jjiLtljJ CjIaL^III 

Lliljia^k j»J-l Cjj _^ CPVC iPVC (_ja jj-uiIjjJI (J^ i -*j~'' <■ ^l.la-Aiub 

. (rv) Jy\s ^ub jb^ivi 

*■ 

J-U*l yj> ^ialjj ^li-i-Lmb jl (_£jju]l jbhiJI ^>1,1 ■> ~1 mb ajj-uibail ^ t-atl ^ij * 

. (PlasticPipe Cutter) liLiw^UI 

e ( ( 

. jl Aj^iaJ j_g) tiiiiSj a JI_ylLo!l Vjlgj (j-« i _ul_^uJI Jfa 4jl_)} • 

. ( *T) ^3 LaS CaJLiiiii! sj^ojLJI bib jj]l ^J^Lub * 

. ^L-sil'yl a-ibaj i_ul~ali ^likiuib ^jbotlVI 'j ^b..' jjjib ^jj * 

. (Jii ^|__jill a-j^Lal jJIj ajjill (jbja'jyl allLa | a.'i*>"wl * 

. aJjIui ClJljLa a^La (jj£i L».liG- AL-ajllj a J_^uiUI lIII)Vi • 

£jji. *_l«l Aiib X * a.!*! iiDii Jau lilLw^aVI fJ Cuiull -lie. ^^biJ ajj^iLslI i_il ^ * 

. ^laiJl (JA aJij^iLJl 

. <Ls^>« Jjliill j»JJ . (jC- aJjljJl (jtrtlll aJibs Jljj * 

t t. 

. Sjl Ja Jl CjLxjJj jiutljilaal U-iKskxl liiiB £}*J ^^1 jJ ( ^ i ) JjalaJl 


AA 


JjVl uUI 


jlai Ajwji (^ d ) 





^ r, ’1/1 

A»*^ajj 

ji»jU 

4^g^j 

^*1 A 1 \ A 

<4^3jj 

i' 

' Vr 

Yo 

i 

-f 

1 

-< 

o 

'’/i-' 

c> * 

Y 

i' 

>'/y 

0.-£. 

'~'h 

A* 

r 

no 

Y '/r 

A* 

r 

s- 

^/y 

A' 

r 

i ■ * 

i 

it* 

°'/y 

1Yo 

0 

10' 

n 

10' 

1 

1A- 

n 

Y" 

A 


f i k SjljAi 5 jU 5 (jJjVl tilill <(ti) 


y £ - in 

n*•-£• - 

M - Y * 

ro* -yo. 

a - r ': 

' \ 

Y.. - A . 

v-i'/y 

A' - t- 

'V'/y 

VY - lo 

■ d w^a 

jiwU 

jLill 



*SX- lul ^ 

AcL ,1 Y-Y 

^c-lw 1 — > 

JjVI 4 ill 

^1 


^J-A <aj ^LfriJl tilwl! 4 Jj>A *1 Ijj ^^LaJl C-LuljVI L^LuJ! 

. iu,. 5 a^)li X O * tiluiil *■" \aT) (Joi-uol! 























oLJl! is^ 












JjVI uUJI 



i>UcL4l 


(rt) ja 

AVuillj S jjmiU JjUajjJ 4 j3 jj AaIIS 

(J*iS J _>J*al j-» CjLajlilLi ^ Snail jl (Jjjj ajj .J.a; 

Sl c. JaUa^JI A.a S^ jl jl (juj'i i maVI jl (J^La^jIL ^Laillj /] >>Q ^A_) (Jjjj 

y\ (^j’UhUjVI ^Uiilj-aj t _j i i.s-1 yJ 



<U 


(re) JS 4 

lajj^LiiL uolua Qi jj>y<L« (jijia Janajll AjIa 




*Liil j Jsj jjjoiljj 1^ j 



(n) jsi 

^_J y^h.a — 1 

jjc. i_j _jLuw — ■_j 



(rv) jti 

JXuiIjaI] l—UA jJL 

PVC 


AY 



JjVI oLJ) 


.(JLkAjVI ^jlc- ajjlLia jl a^uiUjl I jJjjIjj* ^Li] >JJ 

£>jj 3 ^LaDl jl (jul ^>11 ^ Jjjll JLijj j»ll L~ n% (Jjjllj (juljJlj diLalaJll 

. *\&\ j-i« i’<-i1l ‘" !*»■'' Aj_j!Lji>all ullLlgjl] oj_j3 

.Ixj ^Jjolljjftll a "I "j a£^jl] ^ '■ ~v l" iljVfl i - ^a J■ ‘| 1 

. Aj_^u>Ji c.Uai.Vl 1 -ilaal 

Semi Rigid Joints (1 > ii' <fi) Jliil :«ul *a <Uw oSLj^JI- w 

c-j^yLa ^_>i i__lL^ajlj jj\ j • iiJj^ JjSJIj ^'l jJI ^LaJ (Jjft-iaj AjL^all ^ j ;n j—ill 

iGRB j j .ill^>a] (Gland Bolt) ^aJij 21^^ ^ jjl ^i^IL 

. Aj^iuuft CjUlfl-Ll l A 1. j ■»!! ( AjLji^JI i (jujiUiLtu^l 

Flexible Joint :£jil 0SU93JI 

^l j U —nl <JU ^y3 ljft.fi> oJjjjJl lal J-oil A-tlaJLj La< 

A * * 

. (JjiJlj Olj 4 jajLn AjLu^JI jl jl ^)A^1 

t 

jl ij^ilj J_Oj ^-J-u.1 j-a AlU ^2 4 _^jJUU^aII <UkJL jl 

c 

Sjj-tcLft /jA C -J ' ^ ~i ■ ' it.U 7ft ^ju^JLlOjjjVI _J J A ^y3 ^ v i ~k") .. Jtil ^y_J at. ^ijll 

^a^jil j jJajil_jj«l] ^ya.jLkl! ^t-.,'llj isljjll ^hjl ^rluiill (jJJ Jijalill (jjSjj jjJJ jj^uiLft 

. C-Lftllj . jVi'VI ','lCl lIu^ojVI JAaJJ ^ftiiLll 

^-2 . AjLi^]I l" ^]l j_lL*j lift 2 AjJjlft^iiVl Ajjjftllj Cj'iLi^aj AjjjJ 

c^yUI .lj <LUji AjLui__)iJI Jj*nlj-a Jijj O^L) jLiiil 

J* ■ <-. ftTba juVI AjjjJlj <jftjdl JLalSj ^»j ^clljLft!! JaJj-ui jAj Jal alttl lj 

ojljj CjA_aJj CjLu>j£]t Jl cli.ia ^ .t J ±u Jj-a-AJ A j ■>> aLaJl 

Ai^joll ^ j ml Jjlja a i i^USlj . l ij i 'i ... < ^-ILa. IsLjjJI ^ j j Uj 

aL^j^ 11 ^ya ViJ Ajj-oll AL^ajll ^lAi-ijuil t^J\ .dl'VLaJI ailA iJ^- 0 ^ laUajall A ftlaJl j>h*>~i tall 

. ^ i X ^ (JlliiEja• AjI^all 




oLiil Ji-i 












jjVt uUi 








*>LlU j JAj lo 



(Dvesser CoupI)f-UaiJI iL*j -u 


jiAj ojjLu <aLk 








JjVI uUI 




aUil j-j j Jaj 


: ^ AUJbitL«ll J?Uall oUl^l j«CiUl^i4-^> 

* * 
jj aJI jl a -vilal I 4_a.j £-LuL La] jjSjj i'il -v .'all jJ^LijI (j-4 CjLilj^Ji »I a. J. -•■* 

c * 

Ja_y»-i,gill A-LLa!! ajLa jl .laUaall Lai (jlj-aJI (jjfLj . ^JjLjj]l a^lL JLIaII 

iJLa) JjUI A-uIjAc-j AjLj^^I l~j» H i]L J Lai . aLall CjKlal aJL, J L£ AjjIuJI 
L^jUl JuiaJI <JalLall£ (JSLu V ajLa CjLil_jLl jjSj LlJuC- (JjjlJl CjlilLaj CjLeL, 
7 TJ * -La (_j3 jl (_Jj “< ^ -» La] (Jjlj—LI (Jii LiJ^ Lxic- t ^ILaLl (jaj) 1 j ,.<u ,mVI j! 

.LLuiajVI .lie. ^jjaauJI p2£. (Corrilated) 

« A < 

l _ya jjL jjlj ^Ijjll «^Lai JLil - ^ ■*" 1 LLLall Cii HaJI jl CjLIjjJI QjLi (jl l iaj 
* * 

i_1j4j]I j-a JLi, j_Lal .nlmll (jjSj (jlj . aLall _>A£-J LfL-« Ijla >j LaJ a.lLj A.La 

. aJjLLi cj^ulIIj t a L-LI a 

Jjl JajL-a!l jl ^ fcLiil LiLkll jj^a X O ’ jjC- (JiL V LaJ ■» > •>■ -■'■»]! JalLail (j^]£j 
A_u^aLJI aeli£ JjC. AJisL-al] SBR- 1 500 ajLa (ja X T * — I * (j£ (JSu V La JLJIj 

, A'i^II LILaII jjjo tja jl^a (jjbllj AjLILi.ll 

t- 

. A_JbJI CjlLjaljLI L1L a' 1 i_ifl^a jiyu (jl . j>_i 

XfO« Jii V ^LSII ^ ilUbLaVI 

• ( .0±ViO Jla.no A-ic-_jj]l AsliSIl 
, ' j y lL-i LILaII (ja (_>aj3 Jc. ^aJJj X X ♦ (jC- JjjJ V jaLiV-i IVI jlilil 

V ^ V* ajl^a, A_a«jJ ‘ ■ j_y3 A£-L 5 * aXal Aj^aJI (_Laljjtil ^*j]l Jju 

. JuaVI Lill -L$-^ Qx X T 1 fjc. Loll J (j^aLaoVI 

(Cured) IgjljiJ bjLSI ^ ^£bll ^oLljLI jl] LLLall LjUL. CjIjLllI tjj^j 

( £ £ * * 
^ i (jill t ij ir. jl CjLc-ljj (_jl j flLi V jal La! 1 ^Lall Jj£- Ajlj A_iiul > 1 o 

. i ah II j| l ij.,rill ^»AC. ,-■ •> “kllj 




•'a 1 * £» j>»J 







CjUa^JI 


JJiJl 


A-njiLa 


MX 

JSUI 

> 

u* 

ts jilaj| js'bll 

X 


jjSjill 4jli. (JSbll 

r 

m 

liljlluill ^ J£bJl jabj'n (JxljC. 

i 

m 

fjjtiA JSbJI 

0 

\ \o 

UljaJi JSbll 

“l 

Me 

Ajjill (ji (JSb]l 

V 

U* 

sjjtill CjIjLuJI J*Aj JShll 

A 

Mi 

aj&jiKuU J-IjJI J*ij JSbll 

<* 

Ho 

jjjjjjiilj jslall 

>• 

\ey 

jj*uIja11 (jLkliJI <JSh]l .Ujiiili (J*ljc. 

> > 

> 0-1 

<JSh]l |_>*iUs ; a >Ja 

> Y 









oLlU jj-ujI i Xo 




:J—fbllui—unu 


. (Jjixa^lxll J^x!! £x (Jtlijll Ajfcjjj o.llxll (jpjLpa. ^3 jjildl jl L_ihJI __jA 
* * * < 

tJLaxll 1x1 Aj Vx .ul jl A. \ i 'I».a oj^uL# ;’_) (jl j|,$LXj a^Lall (jlj oljxll (Jl ^ ■» ^3j 

* 

. l^jU. jl ij^Lail J^ta ^ aUJl «Gla 

t- % - 

(_J£ljl] A_xjlix (j-ilaxll Jj£lj AjjLilx CjLijAj AjjAjlxII ^1jxll l'^m j_)£ll]l 

(j^JI Ajjl^_x jA (jjluJI I.Lp jl (jjUxIl jJSl3 t (4 4 4i_iAi3l) Ajjxill j.sUx!l 

jl ajjjII ajjJo j jl (jjlxll ijl •> al I Axa_y*j .lie. L$i* ^iil ^jill 4 _i*juUI *ciL«Lk (jJI oj jjJI 

t — 

J& L i^ j.Jil tjiAj |l' .^->11 j ciijAJiajl .\-Ua 5>I (jJl aJjj*jj j.l*x J£ti iil]j (JlLx . 

e 

Ajjil) ^j_S jl jQxxll ^daxj Aiua^lxll aljxl! . CjJjlx-ijJi ^xxaj (jjjjl AlAail ^La, . ^j -° 

— " S 

<jl_a>Vi (jli (JSUil i l l Utj (jill aLlxll (jpjl.ua % XjA -- jJj . J£Lill 4 - U auJ (_jiil «.!j^JI jl 

lill^£J A_ijLlxjlillj AjxuUI l(j ^ ^ylc. Jla 1»J I_Uiijj J£lill I_LluU I Ij • J ^(jl AxjUl 

. jJxjIjxIJ « ; ■ ^11 ajlx Ax_i_lla ^ylc. 

ajjidlui Aajlj.lc. (jjSj V 33 (jtia ail AjJpJl jyx ajjxilxi Ajjlj.lc. Cjjfe eljxSI ^lixS 

. (julajll (jx 

_JJxiljxl] A-Jjl J.x VNjJ-frjSj A jJJj AjjLlxjiij A jtj Ja iJxljX. A a.J Vl O-3-aJ <J£lj]l 

* 

/■ A J 4 ^ 4 ! 4 -v 1, .1 ^ 1 1 j A \ 4 ^.\ xjil<^U aSj UUI 4jjAjL«fi3i 

t 

Ajj^dl <jUa-i]lj A^uLwjj^kJ! jij-JI j.i. L-«l oJ_A joIjjjJ ^ 

— t * * * 

J< 1 lU A *'-^^yn _ A ^ \"\ sA .i Vl VI jl -) J A J Vu idVl 

<±ju\ j! tUij ^ 

* ,, 
. jj^ljxll Af-ll.x ^3 j»AijxixSI Cjjxxi*yl ^jj 4^11 jiSj Ajbua^lxll 

. Ijj-vjl^ jl _jjiiil jjJ! (Ji.1 J (J£bJI 


JUJt ujUJI 


JS'UJI -AjJij -1 

jtuh wojjju-i 

Electro Chemical Corrosion 

i_ijjal! <iajjjj (_J lyC. JjLlaII ^... j'jtl jA ^jLiAiSjj^SlI JSbJI 

Jt 

^yJ.jLiJI jl Jii.}]l Jl •> -all 4-ilLua.;^ j_j^£11j 4_ij.JjAj|j 4 _uLlas£JIj 4j. j <U1 

. (J^ijxaII ^jJIxaII 4j> r.la tillJSj ^jAuiJall 4 jam'i 1L j 

jl ij^.Ui Jxlj JjJ t UI oV 1jliij (J^IxaII jU*i£ijjj^£]l JSlall 4-»j ■ U 
ojLhVI JL tillill . ^jjIjlaII J J£Li]| Cj j.laJ iJI t- lj.mll JjJl J jl 4 jjjJI J 

. a IJI 4j»_nla Jl 

< C 

JJJl Jil La AjljVI ^jljJJj tLa 4_a.jJ Jl ^!}LaVI Jii lijjii l—Jjjj «-LJ! ^ 

t 

l$jli S-Lall J ^^LaVl 4jljj .lit . J_aj oL-a J ^LJI JjSjj Jt Ajjj 4-Jlt olJSjj Jl 

t — t- * 

(Anions) ^jVlj (Cations) CjUjjIjISII L^aj CjUjjVI 

■ pL^llj a \ * ^uj c_ jx. -iti 


CiUjjVI Jioi Qjfcj *Ldi ^ ujIxJI ^^ 

Nacl —> Na + + cl" 

(■ — c 

. 4 ; -- -'ill JLujjKlI cjL J (jlj 4'i-v .~:,li Aj^y* ^>jjj ijaoj! CiLjjljl£ 

i 

. jtuJl Ji*<ajj Jt frlall ej-lall jijj jll CjLjjYI alA 

(H+) 4_ia.jJI tj4-xjJ.\Jl CjLjjIjIS Jl (H^O) C-Lall Jj^j Jt J-x*i L$jV lillij 

.(oho jui ^ju^yt olj jj 

H 2 0-^ H + + OH' 

aLall y* AjLall J ’,'**' jjli tiUii 1 ',J—I) lj_a. 4j_u3 ^LCal CjLjjI L$j aJaiLall al_Lajl 

* — t- 

eJajLall aLJI (Ja_aJ Lti . JjJSjjJljVI ^jLjjI Jj (jaa.jjJjJl CliLjjLil^ Jl JaiLs JiAtn 


^ ■ r 




sLJJ Jij j ' ■■■!_jjs Is^L irk 


djAaII jjilllljj jLill (_L»a. ^jlc. Il_a ojjjt^o SjA i LjJ Ajixdl r’liLaVI AalLaJ! 

LjlijjVI (jli ^ ^U«VI Ajlj] -11x3 lillLlj . jLllI (Jiuajj jjlc. j N Al<aLalJl 

e — 

(jil A_ia._yiH CllLjjljlSil A_alj iIua jLu CjjA_aJ y»jl)UI ^^Ic. iJaxI Ajjlill 

. ijjV 1 t_ 1 L 3 aJUI ljU jjl jjVI j <—dUl 3 c—iLa 

* 

ClJjJ AJAie. fLall _LU_1 Ajli <1 £■>!—«l Aj a ^3 (jl—» « £-uaj Ale. 

[jjj L-« .1 $ >11 ^3 ijj-k *td! (jA-si— a! 1 Ale.. (Electrolyte) 

AjLa (Jjjklll jAx^all Ajjla^Q a -^r'i 1 jA A j all 1 1 • QuaUdi (jlxdl gimj 

iiiljil AjJal x-Aaj Ale. lilli jtulajj . (Equilibrium) Cidj__>A£jyi (jljiVi 

iHjljjjl ^jla* j IA ^ Ij aLdl ^ (jljjAjI jjJI sA—uj-J Jaaj j!n < l (^) A-Ldl ^ 

(jAxall ^Jaui ijA Ajjj 3 (Jlai (Zl) ) l£L__)J1 

Zn <-> Zn ++ + Ze' 

Ljj_^4jj . tL*il A-LuiilU Aejluj (jjSl illjjJI Aa^J (jli Ia^Jj Aalialdl 1.41 A<J 

(jjlJ •*■ 1.$^ a III A_ajlj_a A i jda ^^3 L_ia_j-dlj uJLuJI tja— aj l Ai^-a cilli jl—ll_e.l (j^AJ 

e 

(j_^S . A_ajA_)all AjjLiaA^jJ-4^11 a a \U ( _ s aj^ AjLiialt oAAj A-alj (_jl ' * ) 

1 Q 3 ^J J}a. t^ui /CJ_ji ') • Jl (_L-aJ_j IJAjS <-“}JJA^d Vlj 

< a.j.l-t’l j Aj 1 aj» LS^ iJj 1 ^ * 1 ' tUll A 'jjiiILj JL tlljjJI jjA » a 

(JiL S-Lall A Jl. ,.~itl i UJ ,ya A^ aJ (ajJ jjiidl) f-Loll ^ (jalalll (ja AaJjA Jjse. Aie. 

Aj f.La ^ ijAjL^a AlC- IajaX-j . jjjllll ^Jl JaJI Jjis (jV 1jiJ (^ ) 

(JljSj .(j-laJlj t Ull [je: A^ ail ^ t a ) 3 tj «.LJ1 (jA*jai) ■^ c ‘ ‘Aj^La 

*i.A j'i /jJajj HijIjjjSJI jljpVi AJLa < _ s Jl J j ~klll jjAJudl Aljla-s A aali jA llA . 1 ^. >1 1 

. aJaLJL ilili 


Me <— Me + 2c' 

jjjAlll oLajl fji (JeUlll JjSj loAie. ■JjAj jl (JSbj jjAjJl (jl aJaLJI oAA (3^ 
yjie (_^a]1j AjJjjISLJVIj (jAxJl jAJ (jljjVl CjjAa. ^jia. eJ^-Lalill llA jaLmJj 

CjLjjlSjyl ^rlljl £a oA-uJVt t') t -t'l zjja j 1 1 A^_2L Jl (Jelilll sLaijj Ale. . jjA-x-all iAjLjjI 

_) • i 




<jijuJI Cjlijjl (jla jImJI A^ja. Jl (Jc-liJI aLajj ’ , ' e -J .(JJjjVI jljill njlill jLllIj 

Vj (_5Jyl£JI jLuJI AJLail nji J ^olji! jLiiSlj IajL^jV Jj-Lad 

e m. 

jjbj JUuSjj^I JtliiJI <£. >o. (EquiLibruim) jlJpVI Alla. ax&j . J£ti diAaj 

. 1^-aj 


:ly\ZJ\$ JjjV1 i«jjjjJU - h_J 

£ t 

^ ft y 0 ^? ( ^ ^ ^_JLaaj tlall 4,,)*td]U liLjll <j^x-a ^ <jl ^)JJJ ^ £ V* j 

f * 

lilljl iJj»^ajJ Ajla. l ji Ajl (jj±J (I — £®| (J£i)l . t_ia.j-a cloil Aj^u'lllj (jaltill jj»lXA 

JSLjjj jjVI ^1 J^uaj^aJ (.Lull J t jjjj a 4 -oil (juLajllj 

<J£ill Jj ^-uU^oaSjj^SII Cj!ilc.liijl A aaii jLu .lljAJj (J^Iil Vj JjjISII ijut^-ill 

JS-ilIj aJUII AjjlkJI J Lo£ CuJ JaJI Vj t£lij]l l —(v — £ °) 

Tuljll jLill f- j-a->*a (Jir-CLaSI ( _ g lao>a]l . ^^jj^II jtlill (JjlLc .1$a. ^LuajJ ^ £ "l ^ 

t * 

oiuiSVI .i^a. ^jLu .lie- ji+a (_£jLij jbill (j! A a-mll . Cil^lc-lilll i, i.«Vi Jlji^lj oJuuSL 

^Jc* A t^iiill Aja£ 0JJ443 ^£V^ Jilll . (JljikVI 1q- y 


(illij ( 3 ^oiL«ll Jldl (Ji.iv aILj AjjLLa A^uLjJ (j^AJ ■'■■$ > jjisi-a <J£! J ?t.>> u lift £ja 

c 

/k^ak jl (jutaj objjj£ Iq uLaj L_Jas Jl# (Standard Electrode) ^jLx- i—laij 

L$__a_3Jj A a .^a^dal aLxdl AjLaj tail- 1 a'~' aj jioj! 1 ^ ^jV Ijis^j ■ A i<\ k Xijj& 

t—daaj LuLLa Jl^lj jjjLa jL?-» ^ Aal’jk.all ^ (illjj i (pH) ^'ij^jj-li^-ll 

^ £ A) J<.r. \\j i_jj^Cill el \ a /j^IjcqII 1 ^ a. jjl ^ JS>o II . ^jLj_c- 

(jjii j^yt . fjJLc- L-daS AdaMiljj jjalaill Clua. ‘ sL yt ^pluall -1 j ^ J.duiill 

f * « 

Jjjkj UaluJ JSI -'-A > (Jit y ‘ AAosJjiill fjjliual! ^jl ^<>>n 

. (J£kh]j Ualuu jiSI jj-Aj *lg > __^Sl 1^1 (jjliuallj (JSbj ^j AjJjjI£ 

jji A_iak,^JI CjUjjblSll iAJUI JjVl AjJI ‘ iLUt jA 1 

jjjlSJt ^liui Jl ajVI ^Ixui {_y* JLuj cjljjj.jSjl’VI. jjjl£JI oLadj 



dLtll J ^-Luul £6 -v 


U'&z- <j-L>4^ • (H+) (jjjl Ji« CjUjjVI £* Jtliu cluj. 

• (°°—°* ) Jliil JjjVi (jJI JljjlSlI ^-4 (_jl (js.lj sUjI 

:jjilS] j J^jYI £i*ii jjlc. L~jjiaj jjjJI Cj jit kill 

(JliaS JjAaJl ) J_jj VI ul) jltlij 

F e(s) -> Fe++ + 2e ' 

Fe ++ + 2(0H j -> Fe (0H) 2(s) 

2Fe ++ + l / 2 0 2 + 40H" -> Fe00H (s) +H 9 0 

<Jli!l Cs jltlil]l t-«-“ jjj 

Fe ++ + C0"3—» Fe C0 3(s) 

2Fe C0 3(s) + V 2 0 2 + H 2 0 -»2Fe OOH (S) + 2C0 2 
3Fe C0 3 ^+ V 2 0 2 —^ Fe 3 C >4 + 3C0 2 
2Fe (OH) 2 +l */ 2 ° 2 + (0H)'-» 

2Fe 9 0 3 + H 9 O 

l~ '1 ij j < } \ y\ uia jA < ioLc. L 4 J -0 Cj>Lc-LijJl ^ IS jjilSJI Ait .iajj j 

j ^jj-^mSVI jj 

2H + + 2e" -> H 2 (jit) 

2H + + 2e" + 0 2 -» H 2 0 
OH" + % 0 2 + V 2 H 2 0^ OH" 

c 

kj ^ylc. Jajuj OjjlSIl t-Jji JJ.IA 4 JI ^Sjll ^Ujjj l-Umij ^>aUVI Jc-liall 

:UUI ojlttijjl 

OH" + HC0 3 " -> C0 3 ”+H 2 0 
Ca ++ + C0 2 —>Ce C0 3 ^ 

t ~ 

Ait jit ^IjJ (jl US <JSli]l tJ jLtlij jl jaIui] A»J Llilj^jJjSll 

. JSlalt tU J) l_ jlxsll ...SV 1 jshll > 43 jj jjjlsll 


< u l» 

JSIjII 4jli. jijJ j»jL 4jlj ^ JSbJI Cjj-iaJ 

Jl—A—J_iV OjjLSJIj (j±! (_yJj—$—S (_Laj aj OjjlSJij J^VI (>4 (jjSLli 

^joj CjUjjVI (_£ill (caljj^JVI) (JjLuJIj jLiJl 

.jjSIfllj 

jjAuU 4 jjLA 4 $ <iUa jUjluij £_4 £ 4 jUa] 4 ^ jla Ciil£ til 4 nl ' * '^JJ fl ^11 4 jlaJI 

^yijLa. J.~i-i^-ia ^yA <iUa!t (J .nVj CliLS lit Lai (Galvanic) 4 Jl flT•> 4_jlk 

.(Electrolytic Call) A^oljjaSJt 4 jL. ^ l$jla 4 j_jU£ AilL oj^j 
(Concentrationcell) jiSjplI 4 j 1 L Jiu *LJ l$l ^Laj <uiL»Jl L^Ull (jiaju 

(Jxaj La*a ‘ «t* ^ \ ^jLall (j^avLall Jla-all J~>y- (jSJj jjJU-all (_juSj ^a 'La II 4jia’i -. Ajia. 

£ 

JajSj IjL^Jj ^j^lUqII <J^»_^a£ (Ja*j A.A^flj ^jl Ltt£ a 

, A 4 tl # A«A^]I 1 **i 1 1 A 

£ — 

A A ^u-lL-ik ^ m*] j ! 4 j'-v A aji. jj-a-Li * J t ) li^ aj J« JSlill 4-jIa. 

.(Local cell or Microgalvanic Cell) 



\ • V 


(it) Jii 

flail 4 n-itU Aaa>j«i jjaliall 


(t r) js-s 



oLdl Jaj ^xluI ya h > 







(ILL) Jjjl 


JSli 
Less Noble 


U.lii jiSl 


tiijj 


More Noble 
ILUJ (Jal j jjl£ 

jsLv 


[jalaj ‘L:'u— t IJ^Lj 


ILUj J1 


(JjLiC. ‘. 'La i Jjalia jjaJl oha ^ itl all [_]■-■! '"~11 (£ A ) (J£i 


CiljilU Aj >11 
>, Vo— 


OjUiSI (•j^a V > A 

j ^ ' i — 




*, A - *, 0 - 


>JJ ' +■ j]l ASLiJ— r 

u" lJJ 1 ^ 

^jjoal^x Aj Jj*ll jAj Aj^a. 

i_>^Uaj 
AjLjiJaJI ^ t-jLa 
isllj o^u j ^ja LkJ 

uj£ ib«rt ^U- j*j 

yj£ 


®U4 <> ojU*U {*') 

OUjJj£ . (Jrflli-j ) J^jUp (Jjl&A UljJJI 




sH,l £-J J Jij j ± lu \ Ja^aJk 


jl i j-j ' -» .11 Ljlj i^ljLiuJ) ^jlc. < k 'i -C' 4 ,'* -'—ji■»'! jl ajL^aII L^aJI 

« 

jjll (jjJjj 4_jlil! .^11 ^ -' J| JU ffi'j Jlc. 

(Srrees Comosin jI^VI; (jiiiJ) qc. ^jUII JShJI } (Pitty) ujjSill Jl» LS **±j* J£t 

Cracking) 



<^9 JSU ( a *) 



fUl! j* JjJaJlj (Jjilkiil ( e ^) J£“ 













tr 5-^^jO s 4ll pSjJI - jJjuail JahsiA - X 

Potential- pHDiagram 

O Uala^aj xli-i , u) i l_i_L^>II JLa-«ll <J£U 1 CjjX-^. dlVL^ l*djX] 

CiUaki-J! si* ^ . (aV) JUJI ((^T) JfUl (Pourbiax’s Diagrams) (jdlLiijjj 
^Lcj jx_*^ll (Redox Potential) Ji>Li.yij ix^SVI ^IjJl jj^l xajj 

* 6 

'jl ^ 1 ^ ) ^ 1 1 . Jl J 1 % VI i*1 g .frj o.l A fr Jb /jJJJ aIjLaII Al io "i a ^iijl 

*- * c 

X $ •> ■ ^jc- \ vr _J J^bll A^ajlL* jji (JjijJ Qj> ‘i ^Vl £-« (JIjjaVIj s.i-£y) ^ ^ 
(JS 1 Jl jXa.yij sXulS/t x^a* jla liillSj . (JljjAVIj sXu^Vl 

X^a. J_^ll . Xa-lj (jjgijijXJA oxLj) JS1 XJ*3 *, ° “1 -J Jib (ja^JjXx^Jlj 

sJc-Liill ^ul_jj jl ^jXx-oll jjllj (ji Jjiall (JaXu (_Jj (j-ka.jjX-iflJI ^^Ic. eJtSjjj V jjXa-JI 

• iJalsullj ^ tVi^lall JLxJl ^ 

e (. — 

Cj^Lc .lij jl JSb V (Immunity) aJU. ^ jjjuJI j j^j aJU 
CjLlS^i ^j^IjlaII ^1*** ^-lc. Afl \Vt Jlj-C'j AJLk ^OMi 

Jj Ju c> /j^£j f-Lftll L-Jj^j Vj AijUj Afi tViH dAA 

(j _^3 i % (JjIb juAaJI ^Ajla aJIa ^^Bj (P<issivcStutc) (Jj A ^ aJLa 

i 

xs xjXjJI <jl < _ J x*j ll*j (jjia.jjjXg^Jl JjL (Immunity) 4 x.liJl <ikia 

. ^Xj >jjX j^il ^jll Xic. ^Ul Jjla^Jl (_yi (j;i 3 »jjX-L^ll jLc. xx-L^aj £-« t_jjl 

(Passivity Layer) ^JLiL oj^ ' Y > 0 ^ ^ >; > jjxx* xic. 

. AjLaja Aiiia ^jj£j XjXaJ) Xx^lSi l \< 

+ + * ~ ^ 

. Fe jjXjXaJl Q_jjI Ailla jjjSj £jh XjXaJl (J^Ixj (Jil ^'n^jjXx* p&j Xic.j 

c 

i_l£j_a Ljjia c-Lall i_jjXj jjXjX-aJl 1 j m ^jjXjl fjli Hx .1 Lf jj_a.jjXx* Xj&j 

(_jxllj i 1^-iH (Caustic Cracking) (_ 5 Xc.lall jilillj La CjXjx ^JUJl si* NFeO.-, 
a g 7 -H oxLj a v<--j . (Stress Corrosion Cracking) xL^yi Ja-L jj^> Xxa.1 jA 

Sj (Fe2 03 nH 7 o,Fe3 04) Ajll* jaill XjXaII Xgu<lSl qa AxjJo 

lIjXaJj s-ijlj ^jlil Fg 0 *4 CjLjj! (jjSl sX^Vl XjXl Jla-sll 






stall Jsu Js 


jl JSlajl <lLLlLa (j>-a AJA_sj! (jAjLa jl*jV 4all**- * | a >L Cj^ Ajaj Jtai (_3f-“ laa 

J£li]l (_ja AjAaII (jA>ia 4 jL»a1 

AjjlS AjAaII (jAxa Jxaj dlljj (Immunity) Ac-lial! 4ilaaa ^1 (jiuJI ^ fjiaii. • 
(Cathodic Protection) 4 ja jiilSJI ajUJL ^ L lifcj. isiiljjjSjli j\ 4 o»U Aali ^ 

J*-aJ iJJa A . j . *Vi (j£aJ CjVLaSI (jij Jj-aa!I 4 iL'w, ^Jl (jAacall A^_A • 

. 4aAjaVI 4 jIaa11j uU La Ia&j . AAuljjiLJI AaIa jl «Lus1a 4 ii 'v ^3 jjjJ q \m ^1 1 
iuSy« JaIc. oaIc. j*,j (Anodic Inhibitor) <_$Ajjl L. A ^ 4iUa] jA a^aII aAlaJl *- y *1 1 

. (jAa-all ^ixui (_yic. Jjaa Aida (jjSd (jit lU*J 

A \ m'lllij Jj a •til A a tli (jjSaj lllAA CjaljjjfuWI 4_jjia jl (jiAAjjAj-jJI £2 jj * 

*■ 

ill ^‘ijyjjAjflll i_ilai]i A j •> (jl Aa) (JuIaaU (jo^ljjjjj i-d-Aa; j_)^Ia]I ( 0> ^) J&Lli 
(j a AjJLkil (Jail -vail (jl IaAj ^Aj^jj.' 1 j$ 1 I ^»ij]l ^3 Ax-UJI A-Slaia (_yi 

(^jij . (_)uLij)l (jJ-AA (_j 3 J£Li djA Vi V dlLjjlfiJlj ^^LaVlj bAmiS^* jaall (jAjLaaVIj e-lj^Jl 

Ajjliji «AaAu (JJIaa'Ij 4j.i~<i«1aI1 (JjlIIaaII . (_juIaaJI (J£Lu Jj^JI (jlc- ajjIaxII (JoILa-JI 

Jl ) all (jJj . alall ^3 cjjAa (_5A)I (jaLajll Aj m ^ jjAal (j j$j 4 >jn CIj (jj_j_al Qj ■ < L-1 J 

* 

(_jj i—ljAa V <_SAJI CUO (julaiJl .'.ii AL ^lAill (jJaij ^ X, V — 1 , Y (j* (jjaa-jjAa^JI 

Aac-j . 4_t^u u JSUI aLusuL«j A-LjS AAwtSVI (j-a Ajula h 4ILa (jij . e-lall 

JJC. aJou i^jAaJ ^Lj-ba LujjJ JjaaIIj J£bJI (_}iaLia (jJJ Alualill UjU^.tl ^3 (jjaAJjAaA 

t_l)Aj Aija AjAj ljV La (_yi (JjJaij V UiAall IjiA . 1 ^XjUxja J£Ij lIijAa Jla1>j AaLi 

. AjjLuJIj jaLViII Jia JSlall JuJ)J Lu (JuIaaII AauI^I 

«uU^i j (JjJ A<j\aa - -A 

(Passivation and Protective Scales) 

t- 

LuiLauI x A. -s.H (Jj * 1 ^jl l,^ *>^A) O jLul Si^ali CjLjUaSlI 

Iaa Jah JSlaJl Jj*-* (jj^J JjaaII aJLa (j3j .. (jAaall Aa*a£l 4a_J5i At.jln.1 (j A» all 


^1111 V U! 


i — 

JlLu 4 jJSjL>VI LAa til ^1. ~fc W) *■ j " ll ‘*'1 a A Jalll ^ILaJbl JjiLaJj 

4S n mil iiluaJI ^alinJL) Jja.vll ilia jijjjj Jjaa ilia ( _ $ i ijiall J*a) (Chromates) 
(jlc-j . (jjb«-Jl (jiaAj ^jlc juili L$J t^'n fk jll alLj JSjJJIj f.jjfll jLa 

— ( t 

. (j-liill JSlllI JajUj JjAiJI 4ftija! luttlli l. lunl (jl (jia: AjjijI£]I alllj jjI Jjli jk.V) ojlall 

CjU_^>£j dilijj^ (J1a (Scales) Cjliauijill qa 4jj.ua (jjjS ilia ^ Lai 

e 

4j.ilsj J-ij j Jjakll 4joIa qa Laui jAI alle JjjSj (jlatJI ^Jauj iJ Ic. lJia]l 

e — * 

(jJl Jj^uasj ^1*1 J£UI yA lai CjlljuBjol) alA dul£ . JjAall 4jula yn 

c 1 

4jjL -Uu'w’ I 4 o iU ^jjLl Jjl i_ IAJ CljA 4^aL CjUaJlwl <1 ^Jj ijl JjAall . JjlAall 

* 

• Ajjlii l$J "o^AjjuiA i > J i ^Jj J)^ul3 J|l l^J USjjlS-i-ft 

* 

Luj^S AiUaj 4jj*jJlj JjAiJI ilia ^ Las (JU l$iU (Immunity) LeLall Lila U 

. 4jl_j3l£II 4jLaa)lj j j Au j La 4uajla 


^4#l JTLII 4*L> ^ L7 Jui» _$!($ j»UJI JSisfl - j 

jjJL (j-iJ«jaII JSlill Jjjlalj . iyA J^lj jl ^Le J£lj JjjSd <jl Lai J£LH 

JjUJ jjJajLa. (Juajjaj Jjjliallj ^gA JjljjLall olAj . 4jjL<uSijj$£]l 4jib'll dlLjia J£ 

< . *-' 

(_L«a jj i^ill CluJjL>jiJ'yi JJ)l% a jl (jlalj (Juaj—aj CjLJJ iSjlVI Jill JjjiSLIj JjjVI 

la jj (jJjtJI jjlc. LaA JjjISlIj IjjVI . (°<^) JLj 1-2jjVI <jJi CjL_jjVI 

* t P — 

(jj£u M Igj-a jl 4j»jj*y I JSbll 4jil. JjljjJLa jijl fAO ilia, . *1 ^ all ^gk JjS 

. (jliuall J£L Vj JSL 4jla 

4_ajUI dLjj'^ JL 1 ! . JjiVI lie. JjJjuall ijij'yij ^ClLj_yiSj]^/l IJJ^ b1ulSS/I ‘~»4 -Ct 

•»• t 

<Luil^j (_yui) c~U a jLaJI J-uojaII J^Lk^ Jjjlili j-ai 4 -a, jj 4 jJijJVI b ', >n SVI (jc. 
Ijj'yi lie BlJjiall 4_i_ajAll JjLjjVl - (H" 1 ") (jjjl JlLa Ciljj^yjSLilull Jjiluua 

jji ^Jlill ILL 2jjVI liljaii ^jjl£ll lie slljlall 4 JUI CjLjjVIj J_jjI£ 1I jai iil>a±i 

. Jllala JjLa_a (jie 4ilaLaJlj Jj^jil! 



•sLtJU 2~» j^j j Jaj j > ..<t^3 igjU.a 


ijLj (jjjuJt ^ia-m (_yi£- ^jjj_ij JSLjll 4 _sLll>j 1I jjLij 

i Jj m f - J nTu qjSL jli (jJran ;,jl l 3 /an t (jA AjjjJj AjjjiLu:jjSu>a aAA CjjLS 

(jl-£ lj] A_a^La>.j (^^aLiall flJA jUtllj aJIa jjS ^j£)j -(JAajJI tt-Iuu (JS 
l_? A ' L ‘^ (jjilj AjdaliA ^)JC. CjUxuiJJ (jjSu £a LLaIj (Pits) i—Ijii (jjSj (j£u J j J-j-aJI 

. (Tuberceis) 

liA i _gAui lilljj J A_uLaj£ dlLlc-Lajj liijAJ jA JSbll Ajli. ^ t2j > -vj La 

(_L^»_iii t ~'j -k LLUo jJlSVI t—iLa j»j ^,*01 (JSLilL (JSLill £-jjll 

i * » t « i 

. M <-> M + e Jij ”i jj jjui^hj ^jjuL^lt (ji (_jl Cjli jjjSoIVI 

c — 

■" i 2 lJ A (Lljl —u u J ^il£Jl 4 8 1-> ~ifl Cl.l aj L—a yA (JjkVi (Jc.1 Ljillj 

I *■ 

AJ ^aJIj (H ) ^jjjl <■'i .Wj^ JjjISlII ^Ixu CjLijjjlSu] VI 

. (Jja jjAl$JI jlc. lj j£a sLaII ^xjiUL 4 JI ViU jj & u v t J y*.j 

H 2 0(4 H + + OH' 

2H + + 2e' —> H 2 (jLL) 

< — t 

ai& (jlj (a^u-SV' (jjJ-jSJI X xLi -lie- _pVI) As.1a 3I jj.i.* a Cjljjjlj 

* 

. (_]ljull jjAjAaJl l-i^ja ^jJl a-Lall L_ljju lIiLjjVI 

2 Fe Fe ++ + 2e' 

Fe ++ + 2 (OH') <-» Fe (OH) 2 

(jA jl (jjjXAA (jJJ (J-uaj-a dllul (JV-A (_>A JjjISJI JjjVl (jA (JLuj ClljjjjSJ'yt 

-~|J JL^j! ^_La_ui & (H"*”) (jja-jj \j ^jl ^A .Ia.JJ lL\l *> A il l , fl ) ^j-la-ali ^u lA J!)La 
c-ilLift 1 J 2 jJ_aj \'Hj JjjLSl! jJL jLc. (jj£jj) (Jlj. 'v 

lIua (JSLiil (ji ^»U jj-iJ (JjaulSVI ljSjjjj (Polarization) 

. JjjISIIj JyVl ^>a JS (ji (jljV 1 Jc-liill gjljj £-a 



(jitiii ^uii 


iwSjjJjl Uj£a eLall t_IjAJ (_jUI jjJJAail Jj] t-A (Jc-iijj JjjVI AaLlm ^3 

. Fe (0H>3 iluall ji djJJOail 
Fe (OH) 2 + 2H 2 -> 4 Fe (OH) 3 

£i-ej lijj «.LJI U_j5La jja. jj) ) frjl jLc £_a |jj> ..) £VI (Jc-Lt-ij JijjlStll 4_alii« ^3j 

. JSUII JAUaJj ‘ 'll-a-'...Vi 

4H + + 4e + 0 2 -^2H 2 O 


JS JJJjjOla La^j] <Jj jjlt.-t,g'u Lajb !jj*jl JjjVI (jli £2lj3! 

Ciljiuij JaJ j . i_ulj2t)l Jja jl till j£j (j JjmII ^Soiai <^3 4iluAa!l 4 a JU JaIjJI jjiuall 

. JShll divlc-liil »jjj£ 



fLall (ji JU-IaLI JjjISJI JjJiU 4jxaua ( 0 A) J&Ji 


(Localand General Electrochemical Corrosion) 

^3 tLisZl ai (jjAall 4jlj] ^jlj Aa^aIj (JSIj LllLa. ^ ^a-Jaya. (JSLi Cij-Ia 4JIa ^3 

— — < l l 

< * ^ ] (JSai tUli ^ I fl LtiU _>aI £3J-* j_j3 (JSLill cA >n£lj (jSLaVl JaI 

> W ■ _ - ■■■■ _— - 




i)UXi £-1 j^j j Jaj 


(jl£ Ijj. (JSLill dilLV Ailaa <L\U (jj^3 (J *'-■ *11 qa (jjuia SJLaJI aiA JiLa ^ (1 * 

18 ti l ijLS (jl j lllAd ^jjSL) (JSLill jjli Jjalfkll AjjLiLa J jJl-^ 3 ,}jlSll 

a jljuAa OLaLuiA ^jja *biij ^1£- .Sjjldlij .}jjVI ^laui lijj • I jaaao ^jAsoill 

« t ( 

<lila (jj^j (JLaJ%| ^Qlljj ^llVn* jdswui LS^ 1 

^UJI ^l.io l (JSUll jL JjaII il.iic. . <J£lall (jlLJj (J^bJI (3-» ajAXuLo 

lJaa ^g J i - ilajA <—iij AlC. ^ib ^yjliAxSjj^SlI b a^all IajU jJaiball (J£llll ^yll (^JijJ 

. ijjjiiill jl i_ijflV.i 

C-lUaS'VI J.lao-a ^j-IhaH jL'ir-l (j5LaJ <jli (jAjLxi!! «Jauj ( ^£- ^hVi a (J£U ubj-ia. JHC- 

b^all jji ^biVI dij. a. (jAxaII (jojlad ^jul jjSj ii dlj ^ l.uJIj . (Polyelectrode) 

Lu (Jjla-a!l j a 'uud^/l (_UI_jjii ^iSjbll i—i!iLlaj (._LiuU jl Aftli ball ^jSLaVI ^ 

. jjjla all ^gi 4 Jatl Cali vlii-j i.-lhnj 


(TV) Jjla (yuij^l'j ^Ull JSU 11 Ofcljd 


^‘1 ^jliIsjaII (J^Illl 

f Ull JSbll 



Jjjl^ll ^JA _yu*a\ Jl^lVl 

^isit = ^/vi 

* — 

-v /ja jk~a\ -ijj'Vl 1 j ^ 

JSbll .Ig-a — jjjlSil .Ig-a = JijjVI .l^-a 

<jt*a ijSLa^y lISIHI ^jljj 

Ajlaa {J^i (JShll jbljj 

L gC-jj^ajA (JSlj AiC- £Ub 

-.tlTi-a AAc. ^cab 









JjlVl (•*) jii 



jlaU jj Jii lo 

:iJuW4 jJUl jjUll JUa^tl Aac y j JfUll - r 

Galvanic Corrosion 

JjVI t-JJJJ-ill <_yi jAaall jli (_llaij (jLi-a ^ jjjSiJai ji jjjA«-a (jLuaall AjLa. ^ 

J lUUI a*j LolSj . (£ 1 (t A) JLi ajSlill jjSj ^JbJIj a,/VI jjSj .yiiijJl JuLLill 

Jl*-* A)jj (JSbll A$^. Alj la A^aJI (Jj 3 J lj ^*1S jdAxall jJJ ^liLJl (JrtluiSll 

Jjj'il A_^Laa je Ajjl^jl A_^l_uia ojLjj (jLojJVl BlLjJ (JSIaJI jA«-a Abj) La £ . (JSlill 
. i—llaaSI ■j jL a..u ^ V )f Ij AjlAaSl aAljj *Lal] BjAi baLjjj 

t t f £ ~ 

JajkVI DuLaj]) jl J>JjJa]| ji (juLxiil jbojjl Vic. aKI * i n.,.i (JSLill 

t- * £ 

(j*il Vlll *Uj .1 *\A\ lIu % . AjX^II jl ^jfl \y.A\ Ij.}, *1\ jl ^j_j: a jlVl £a 

* * * 
j\ (j-* A.8 il-i j \ \1\ i ^j-J: AjJ^J 4 _J_a*u11j 4_J JjjLS 

X e >- 

. Vjftl>all AjA&II j\ ^jjia^lVI jSIaj claSI A_jj.j ^ . Auladl 

J£bJI 4,"..v*i *> j jaK all AjA_aJl JJadj_a £a (juLajll jj_ml ya jLua_ili AiC- C£1 I mil ^ 
l_JS>lj]l ja (juLajJI Ajla-a. ^ajj Ajll AjjSJ liijjjl 1 < iS (JS>ll)j jl l aiil ^l Alalj Ale. 

^l^^l Ale A a 111 a jll*a ja jaail^a jL^ill lit (JSHaJI sAa. Aljjij . AjllS Ajj£] 

t — t 

. i ill jjA £jja jl (_y3 (jjahl a jjjAuta jjU^all JjC. ji>ia (JSllll lAA jl ^1 AiLiaVlj 

t ( 

dllC^aj »l V| 1 i ■-■] AlC- jl Aiil% all aLj.all UjU ^ a . r \VI ^juL^lil ^jajLa^a ~C 1 "i ..ij Aifc 

bAA . ^aLlajI i~~'l ~'l A ... ^9 4 _ubLIj ^ (juLajjl ja j_i ai'jall iajU%, ^ j alkali Aj. 1 " Jl 
j ^Ijj ASj i~JjJJ ,-J^AL Ajii^all ejjaalaJI (Threads) iajj^li ^yi jJjSLjAI dlAaj dlVLa]) 
«. JA (jluajJl Ale. (J5>bJI bAui lljjjj .. 1 . aVl ^ Bjjailall ^y^jlidl ^ia«JI ^ylc. (J^hH Jjljj 

4 (juLaall ja jjojjlja Jai. . jilxall AJl^il (Jla UaLij jd£l jAjta ja ^ aIuoj j J la. . ^i 
ja aJ Lai ^j.»l ^.lllj AaL iiall y* - Ajjl (d^Lll jai % all Aj.rd ja B^) J . » 4 rtl l aL nyi\ jls 

. (JSitaj V A^ CiIa AaAjjLS A^Loa 


oLlU 


~l V l..iLj A.fl .all J Aah .all (j^ U -all J ^\iy\ y\]y.'i> ^ 1 ttl aV (JSLjJI l j r a A_ail 

t_yay2 Cjls L»l£ ^ , ial>'l Jultu'lll Ji 1 l /ja ^jjJiXAjl I l_^3 l*]£j l A g :.L1 iJjLc. 

jjjUx. i_ ilaflj (juLL» iAAJjajIa o • qC. 1 a 3 ij j A^ >11 J (jJJI Ajjj VI i 1 yj ■"'j ai (j£Lijl 

.JShll .,^1 

Concentration Ceil Corrosion 

J . (CJjjTSj JVI ^ (ju^ailall jlall Jjltall Itilo Aualjil ^jAjuJ'i A^-a. jji-jj 

l (JSlill Je.Lbj Jliuj Jt~- |_>A*J lift jjU A^ljll OAaalj neU A 1_j) vLia) Aila 

. Jill 'SA^ - <J^ij lift ^ A$JI (_£jUaJj Jl j_^jluiij ^yja. (JSbll jai.yjj 

Jr. jl JUI 3 j>‘'^VI j ~fj i_iiiial jjh (JSUD ajaU cjLa^VI aJ 

jjJJ (_i>Lia.V Jh lift (J A-uU L_lliall (Jaa. alSVI jA ' n tall LaAiC. . ^jAjuall Jau. 

C 

Ig-is iAaj jll CjU-LaaII saLc. .(OxygenDifferential Concentration) l jj > -,.i_£Vl 

t — 

J i j_j_aLu_a Aila. J US (jA-aiau (j_$Sj jj-> »n SVI L_iiU_aj i_ll aj JSLill 

(jAaal! Jnnil AjiniuJI AjlsUa (Jiul (Jaliall jJ lilliSj Jaliji jjUluuaj AjIjJI dlaj Ajlc.ljil 

J ^jaaaiSVl tiijLij . CjlnujJl jl L JJ CjUSIjj Jui jl (Pinholes) l_jJ j A j-y j £-a 

A_jjU]l r rij . ti J (j-a JLc (J^VUl (jAaJi jjA fc^ailj ^£AjiS)l i_JliAJl 

^ill JSLllI J lift JaaVljj . JiLilj AjVI ^rl.*<->j jjAaSLaiail 

< ( 

* ?rJn*>iVl ^ T ‘ r - Cjii-caLJl JfliAii (.**) j 

4 tf <VI Jc-LJlLS tJ.5il.ill JjSj jl *« ^ 

* f 

^yi jjni ~i)i Ijj Vs ill L»_£l JJ J**-} (JAa. m£VI dlV^. ^ 1 ..■! jl jjJuA-aJI 

t- ( * 

dlLiiuijAiil jl A.i \.yS.-. Jl ^jAa_ui£VI i}y~t aj AjjXAta A.a-O i (jja_*aSVI 

f t t. t 

lift, JaLJI M i A iajjvis jl d>Lc-ljiJ! ^2 (jj? ,^jArki aJ jl CjijjAjI jl AJjl A jSili 

— ( 
Jall«!l jjJ (J£LaJI j-aliiU AjAAC. . AjAjjKJI ajjl a.all JsIAaII l_iIAa11 1 j. 1 '> 

i—iiliaVI (j^ Ajjioll Jl (^AjJ laj jjj-ii a Lall ^jAa^iSVI Cjli 

. (Crevice Corrosion) jjjiaJI J£U1U Uas i_iiu.ll jA >...^Vl jJjj J 




aLlU £_> J Jij la ^ 


• A-adjll jij*-*!) Aj J 4 t il J cj^LiA^ I Aji, jJkj j_J_£ jjJI LX-a. (3 * j_aT £-jj 
(jJLikl! J£l_i]l ou JSLjJI (jjh gj Jl (_£ayj li>j . (Differential Aerafion Cell) 
»JL* c.Lsll Jam Jiul Llia_aj JSlill qa ^jjJl liAj . (Line Corrosion) 

Jj *4 Jl J 4^U *jpL**l] dllLSj . eldl J Ljja. a jj-a L oII jjjLall aJLa J 

jl cUI^ JLa* 31 cj_y-4iii* (JLul jJSlill i'vWj CjVUJI adA LsL? • _ J **■ aLx 

* * e. ^ 

jjix-Ji JL Uiu eljJI 0* Jl jjj> ‘M^VI jjj ajl AjjSl (ajJI 

. J^lij Vj (jj) u*a Lj_J JJ-* L a I' 

jajaj ejlc-lJ da.jj Ajli jjiajsuill (ja**ll Ja^ Ls_y«j ^ac. jl Ajj-tv a_jjkj aJLv Jj 
axaJI alacVL J dlli] . <_l$lj5j Jjjl ^rliA) JlIIj (j-ix*]l ^Lui 4j£j jjC. (jja-u»£VI Jl 
J J£L_LI . (Sand Blast Or Grit Blast) aJLJI J v~'..L UtL oJi] j.i**!l 

— t * 

jjS_JI L^Lia. JSL JUI oa.1 jA j (Crevice Corrosion) lj jaJj Ujlidjill 
. AjILdl UjLjjVIj J j -vj J^JI J^l J Jjijjlj t jj><uSV) J (_>aihll lilljS jjSjj 

CIiXaj (jl Ala.l.lj*!l OLaU]l J Cjlc.lj.ailj A_)Q »*)! jjj JaljjJI J Cj 'i aJ j 

*- t — 6 

■ (jji'tll tJLII (JL jjKlt (jjjl J£hil Luiujj ^LijJlj HjjII jjaL* (JiLj 

: <W JjII dllLwJI Ji jlililall LjJI j Syyl JtAi J~U 11 hJ i t iJ^I^C-£ 

t r 

L 4 J jjSLa'l A-«Lc VV-fd ° S Ji_a,jj n wl^ll a£j_LuJ) jl (j^jL^l) AjlLs CjlijfLa 

vl'.jalj-aJl kill a (JliLa . A^j .*1 n all dill JI (J£ Jc. La jLtj . '.^ Ci Asij_i _«j a «h a * ^^alic. 

J Cual>?JI J (j>Jl jAjll J fjA^diuJI j (jjJjSll J oJl u4 

t _ J _all (Interractallic Compounds) ^ djL£jJ) alij . t_A«all 

< « 

(LeSS Noble) ejaj Jal LLL ji^l (Jj-aljiJ) ai> %j LoJ (jjl3i-all A j » ill i_Lialjil) (Jj-^ 
(jlllj Ajjudaj-O JSij Aoia. jjjSj] A_Uulj>ij J£ljll AjLIs JJ-S1 JLilllj JjLa-al! (jJbiJl jjC. 

JSbll jAj jL\ Jlla i (InterCrystalline Corrosion) jjaaiJl CjIjJJ jj! JShll t_udi 
1 a^ Jl juAall J j - jj Lina. (jaLJI jAjll tLxaj (jillj (Graphitization) ^ju si 


JLill i^LUl 


L$J (j«J A j a )i..ul ajLa CjjjIjJI AjXall (jjilj Aj-lic . A wJLj Ajj£] 

(_5jLaj]l jAjll 1 —' 1 a J JSlill (ja £■jjJI li&j 4«Uc ‘C ^ K,,.U j 1 jjJaS |J g ■■^ A ajla r. 

t 

. Ajjill jl e-Lallj AiUall Ajla jjS tiUj AjLaJI Aj Jjjj ^ai Jl 
ojlijj (JSbl] LajlLall aIaJj UI^ IgjlJjia Jc. L..l3jli J]A*JI Annuli (JJlllI Lajlie 

f t 

> - luu£i t'lja AuA-all (jA*J Afuullj AjAjlS J l 5 Aj) j ojJ jS£Ij JaU JaVI ^JjaLJI AjaiA 

e ~ 

lj-wail i_jLJI Lila iJIa Jlis . a* 11 AjlJI IjJ J£UI LajLiLa At a^j > ■»!! 

^jS . A*sj '..ill LjljJa JaAj (_g Jl p ijjSli LajliLe Jj_« (j£jj AfLujJI LajUa |jU 

JSbJl A_ajl_La a5vj \ J l t, u ii iSl (~u a (JiuJIj jjuLaall />-a qJjj (J jjl a^j i , c LLa 

A f 

_)-L«pVI (_jaLaJI A.lLj nt Lla ^^-3 Lai . (jaLaJI AjjLLa ° 1 q la j jAj (JSuAll A« a! 

t t- 

Jajj Ajls (jaLajll (j .a jijJ (Jjlj LLLij Ji£l Jjjll jJJj tdjjlj (jalaJI qa qJaS ^jllj 
(Selective Corrosion Or (_gjl \ i aVI JSLiJL) JSLjJI Iaa J—SLijj jjiLS 

(jiaLiijlj c_ij_ii aj_a j < *_a ^aLJI I 4 K_i ^ a£ij _Jl JJLj j . Dizentification) 

(Local AjjtAaj-a ^ ’J-> J£Lj h^la Jil oAA (J£UI AiLa.& 1 liAaJj . AjSjjUjJI sjaUI 
j-1 aJi (ja ajjUI JoJij l ai.u AjjU JijJI Uuj tin -v Galvanic Corrosion Cell) 

It c 

(_)ilLaj]l A^j.jan Jl jl Qjaj-' 1 VI AiLaaLj b^>aLUI oAA JLjoj . L jJ.>aaSVI (Jaa JalaL 

. Jjjll AJl jV ^jlLa Alxaj Loj 


(FcSi) cL^ 1 J 1 -ilwollj jAjll A_c.Luaa J qJaJJI AjLAa] (jli <Jii£ 

.(J^JI LajlLa Jal^C. ^ja 

Ajjjlj'l ^jjJl (J<aA Ai (_5Jl CiJjjJl L_ljljL Jc- Ajjia_aii ^jiaUAU) ^ i—lAaJ LaS 

. CjIaI^VI J*L (JSbi j! (jJl 1. Monj 
(Intercystalline Or Fatigue Corrosion) 


) vr 




oLil j-iJ&j ja Jbjlfi-t 


(Pitty Corrosion) 

(JAjuoS (j -*.jLail ^ixuJl ^JlC. IjjJlS CiA-aJ <_£a)I J&ii xJ\ jib ^.lihll 

t f. 

ol_L>o jl a 1 J _a j ol jLaII o^ gkJl ^_3 jjl Aj^jJJ 

t •, 

^uU JiU J L-ihll <' I'.ajj siati i_j jij JJLu ^yi (j-iiill JSbll. (>_a^-a 

Ajljj Aic. jjiiill JSbll ui*kj.U-Luij (J£ll <] > 11 'iv.j sj^uiLtii ^yiL Iajaj _jj-q -« jl 

f c 

jl A j t J 1 jail (JaIjjJI (J»_ai (Jjjtll oaLo (_yi Aj_a»j jl ojjjjIaU Jjjill ajl_ja 

Lj_^a. j.XV I AiiU aJIj"! 1 ’! AjLa. ^yi j\ jAicJl gkJi aLoISII AjlaijJI a«U£ ^AjlI ji AjjLbA|£3I 

. (jAx-#!! ^rlnyl AjUkail ^>3^1 


* — 

.) jjle. Aj ~l til AaaIIL (jjA^jIS jpLu Cjljjjl Aj^j ^ '°' TI iJiiLiil laj a 1 j Jjttl $c. 

— f 

aA> jjiijs (j* sjJjLua CjtlA^J ^JigJ (J£lj aJ Ci 1 tj (jal^-all jjiaJIj 1 -iLall (jl (_£pla . (jAacoil 
Alla. i^UaSIj . ApiiLa Apia. (jjSll t’n\ (pll j ^1j-alx *, • ) (jylaAll^ (jjLuall 

jjl (jitJ pall JjHII j\ AJJjlSil (jjjl A j-^j (jA*all A_Uii£lj j-i t a ll AjA pS/l A jlrv> ill 

_ t 

JA -LuU pj Apl (j.J t VI jjr-li 1 11).1 t j L_l£j]l (j_j£j J 1 J > j A J • ‘I Oi1 A gilt pjjAj 

^2 CjjjjSJI C_ul \ jjji JJAk. l _yxLill JSbll (jj^->j >-*11) >*Laxy ajL^j i j 'ia JSbll 

* * — 

(Jfilj JU-ljaJI (ja ojij ^LSI djLaj (jAjuJ AjJjjVI A jIta ."ill ^-iOj • L-iL^Jl 

AfioU A^j^Ail AjI^jVI Jac.j (Tlfl) djL* (JiA UoLuJ 

J f.l_L>» T il AJLaJI ^ <LLk) aII ^_2 ^ \i’\]\ (JSLill CjAaj JUi wll A \ aaliSIj 

_ c 

. (ju lt.'l l ^2 (jAAaII (JSljll [ "' > ^yllLall jjl^llj l_)Iia 11 (jjtiu^Vl 


jjA j 1 ^ ' A-Luiii lujjlSlI jjjl A_^abj aJU. (_y3 |»jLL<«ll >—iLal) i^UaS liaA tj ^ . > » il l jslili 
V ‘ ''J a. (^ialLallj oUUUI Ajiaia ^y5 A_>aaL^j (jj j jL ail j_y^ <• V * *) *.* 1 

t 

vJlAISj oliftll A_C .Jui A-t jV> (Tubercels) cjUjAll AJIjl aic. aj'l#^. jl (Jjx- Ajajj 

ojAUall jjhj AjjjD (jlajJuJl ^j-lrflj-ail jjA jLail ^It ay l l ^yi >illA_S H-lAJj . (jA-*-all Jtiaui 

. AjjjJI J*ij A^Ajl-JI JAujIjaII A^alxll 



jljJI __lL_lj l 

Atmospheric Corrosion: 

^•lia j! jjllj A J^aH L-ijjUlj Jlj j all L*_ii (_gj_all Jffbll i. *h ^.j 

J . AjJ a-jll A.jlaLnJl JoUa!I i AjjjJ Jab-sll (AjjLuaall JoLiaI! i AjX-lit^aJl JaliAll 

jjSL; Jibll. (.1 ‘j *kirtH J uj.i *wj L» l i ua CjLa JSbll ijjfcj jl ij^oj A_jx-buall JaliAll 
AjIIaJJIj Aojjill i_jljaVI qC- (_>o__)*a!I /jinaU AauuiL Ajjyallj aJJuII i_iliaVI J VIJ 

t. K e f 

(_giill jl jib a VI JajJLu iaj (Jua-mJI A.,h_uiV A_lj_jjia2lj A—ill a /ill ■_ilia. VI 1 IJal 

L_n xhaII jth ^Ldli t-lj-jJi CiJ <jj£j j$j a ill ^-Liall l!u v aqULJI jialiAil J. L^jU-a 
.^Ul ijA «.ljjl j_gj..~i v a iV JaLuJI qc- iajll cobj JSliil Jib lillilj . iJSLjII 

AaJS Jl <_jiajVI ^Lun qC- ^UijVl £-A (J£lill A^i^uij ^LJI (jA "la aII jbjjj 

£"IJI A_c.ja» (j/Ck a Jlaii (jiajVI JaA L jj-3 (JiljaVlj jl a-iVi (jV (ilbj Lljlj (jjai_aii 

• (jr 1 ^ *bill j'jj <-Uj 

t t 

jjc- AajbJI AiaiVI J iajJ l£^J iJA*£l Jlj aJ^JI CiljjLiill jlai.1 

e 

J-a3 jJ ibjj Lijyl lilVLj’in'.j (jV IJal Cjl^jaAll jJj /)a jiiSj Jjjiillj ^ ail I A Ijiaj 

* , ^ (ja q JJ A-lC-l ln-ill JaliJI l jC- ^JAaII J CLuj XII JjaiSI jlj J£jj l ,’thaj . t-liiJI 

(jialiajj £A 'jC.a i i /. (JSbll (Ji*A l L frb CjJdl f-lj^ll • i—1 *£a]I ^)JjJI JIjJa 1 * * Jl 

jLi J_^a.j J (JSU1I Ji*A ibjj AjJ> j}\ ftiLij ^-aj X V* (jA JaV ^all J AjJ>jll 
JSbll a.l. n ^Jl CuIjiJjSJVI (jA aJliIj AjLiL jjiij pLall jli»j '—Viblj Cli-a. ljjjjSII 

— t 

IJii (J£b ClJ-aj V ji iA»ll (jA Jl Jl ajlj-aJI Aja,__p 1 ji> 1. a % jl aJL*. J . J Luu . ’S jj^JI 
AjjLui__)iJI ^lamVI J^- (Jjjjill jJ ®Ljl .*iaVi ^a JUj ■ ihU\ AlLaJI jj aLlA (_illxU AiV 

^2 IJUt ij ~ 3 V' » Cull ol J aII ^aa-a iju j JuD i j l*ii Aib«_jJI ^ « <L Jjlb r I ‘"1 * J J * " 

» Aaa._jLa. Ajlaa Aiila I j ] ^... \1 jj ^ali Aja3^)*a 1S AiiLw^all j ■ - ^ ^jl 

Corrosion In Soil :Aj>JI Ji J^Ull-V 

^Laab ;jjj Ajjill (TA) (JjiaJI La£ Cjlaiiajl >1 1 o cljlj A^ial 

jtkjjl «jj -\m\\ Cx iu 4 ajjj AliUl ^UiLuilj SAjLj 




dLJJ Jij 


,->a v L_iSIjC (JSbll <jjLaaj£]Ij A_jj»_j_jJa] I . — -JI ^ 

a^ljj . 4 '■». '—..i U Z •..! ...-.II C-ilj 1 * K Cb-iAaJI i jx ~a IaIS aj-LiS AajJ Jl t"iL' n -J1 
aLUj .lj_a.j < ^ £> -T-C ^5-iJlj Aj_j_aJI (JaIjjiJLj jKi Ml jjA Ajjj <ja U.,,11 A_^Lula1I 

Cl Li U ( ia -aJ liiij oLaII »l jIaI sjLJI ejbj <jJl AiL-CVll C-UI jlljjl] 

<-lj-gJlj c-Lall 4-JjUiil ,_ja (JIaj AjjjCiII A^>oLa 1I ojLj . AjjjCuI A j,.«-iLaJl j (JajaII ^]euJl 

• (^) Jj- 1 ?- 

1 * i«AJ IaJ ^>L«I ^ylc |_5jJiaj oLaJ ^CaLJ) CjA.fr ^^lll A ,>.a A •' Jl 

pLiijIj ^jjlj iLxll Cj lAill Cj -> L 1 Ajyall a_uK .nil ( _3^ a Led). i_LSlil aULi'loj A_uijj_c- 

. Ajjlj 1C- 4j 3 Ajjjll j_jSj AjajaJI oLaII UjC 

£ 

CL j; -kll Clj AjjJill {jjj jj> mi ^V1 *UaII (Jj> (_$y ^.<11 (jj-ill e^Lj L)] 

1 ' ,yi -vll oLi (JLa ^3 ^jAjiaII J* aj L»j aUV-. 1I JiLtt tjjjLdll Cl n ) %J1 Clj Ajjijlj cj.n^ll 

(J j -u* ^yjJI AjIjLall ^!>IaVI 1$VCh t _jjllj Ajj^lll 1 _B^VCkl lj^Lk (Jfiljll (j-a jjla 

. jJSlill jLj (jL>ui 

AjjiVI pjjj ULL AjjaCI C^aliiLi fLtll p Uujl (Y Jjis. 
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^,uli A 

4_1aVj 4 jlI jaj A jLo jl ja qa jjjia - _ 18 : i a f t.u,rk IajLilC-J jj^AJ JSLall (JLv A^ 4jjJi]| 

* 

iiU5£ cSj^j (Hydrescopic) oLaII ^jJU. (jrj^l jIjaj 4j15a jIjaj 

(jjSj 4jj*ja]I AiuoliJI 4tla.'iA ijlj 4j3jaJI oLuJl , g > 3 . 4_iaLua]I i~ilc.]j£]l <JjAj «.La ^jlc. 
(jjS ajjjSJI oU-naJl CjI j 4jjul L»iu IjL^k '-j j- ■ — V i-~il i > i^ll cjI j 4 jj_i!I sLiaILi 4 sis a a 

(jU jIa 'l ^a£. *UJ^aJI eLall t-_ij.tn.lA (jlfS I5U . sljgJLl 4iiinA l$J bjjjSII ujlc-ljill 

(jjSj 4 j_jaII ^lau Aliiall A-Llla QjS 45La. ^yi Lai 4it_a. (jj^j 4 jja 1I ^^Ic. ijLajll 
. bLaII jIaja] t _ J lc- aj±& oj^i l$] 4 jaV^JI jl jaIIj 4LL1I (jV tilljj 4jJbj 

£ 

j; j ■" ^N1 Jja.j jli 4 aLc- o-lC-Lafij 4 jja 1I ^yi bLa 4_ia£ Jj_a,j ^Jjlj J^Lill CijAaJ 

f- — — £ 

lllLj 4—JjljA>L! 1_jjjlall ^_3 L*.1.1 .TkJ (jl j^a.1 i—l.ll-r'al JSL j)S]j . (JSLiJI lllj.l >1 ^auLull 


CiitSi 15]. ■Ljjill aIjaII 4JL»J L iL ^ii 4jjiil ^1 | jjj - ■" ^1] ©Ij^il Jjaabj 

c 

^3 L«£ . 4 x^jtiU (JJjia !1 ^Ia« ^jjl Jlillt UJiajj cLaIL Luj^ 4 -ILaa 4 jjaII ^Laa 

Lai . 4 il_aJI ^anu (^lllj 4 ± 3 jaJ 1 bLaII l_ij iiUa (Jjj ( *Jj ^lll 4 j.i>ij VI a_jLla]l 4 jl_^ 

^ 1 a! La-Si (_Iaaj °La 31 j 4 i'll a a (jjSi; ^ijjJI jjLlha jjls 4 _Ju 9 jjJI bLaII i—iJ iiUa Liunl 

• J' £Wl JjaAlJ 


jjjj llLa, L j l£ uji J^UI (jl L_ 11 nil ^ulajJ (jj> VI jjA cLail <_gj u » 4 jaAI 
^ J£L]I eiL i~~--J L|j 'j . 4 j3jjl 1I eLjJI <—IjauIa (Jiul 4j£. 4ja^jaJl bLaII i—I jim'ij 

jUsaVI 1 (JSLJI (JA 4 j a j a ^jIL aVI .jUsaVI clLii Ljjiaj 1 n lAj 4 jja3I 

JjlaA 1 _iijl _A£. j . 4jjill 4 jjIj^£. (jjal il] ^jililLj 4j_>}Ij b_Ja3iuia 1I Allilll 

aiJXH ^ J in 11 Jj_*j 4-jjJill jlj cIaII j>A V^J ' 1 j-j.'''4jj_lll jLi.-a c^LLa] ^a jUsaVI 

. Lulj^xll 



oUl Jil do yh \ 


Ol iLa_*ji . i} xl .1 j_aJl ^3 “GljjiLa /)£. < j la^ii 4jj-j-ll e.lj_$Jl CjUjJSa ; flLi_a3 


jt jjj (j_^jj£jl -lUd£t < _ s jUj Tuij 4 jjj]I ^ ( _gj OAij jjjj! 

t e < 

sUaII ^Aall^VI (j-a «H jjr->i,Vn lijjj . <JjAnn.]' jUaII JLaj 4^_jJLs 

J&al j»Ax ilia. ^ 4_naLi,j Un ‘nI ^y-ilj (j-a ^gj~i ^.ail jljJy La jlj 4-C.j*iiJ 4j3j>_a2! 

^jll jli V .J ja£I ^jjtj Ajljl £-a .AjjjJI £-^i] LLiL (_£_^-aJl (j^al .s-u al 

( _ s l& ClVLaJi oAA ijla jji lUAaJl lAua IJ-$lj . 0 jjJI jj > i 9 Vn . n 

. (1 ^ ) (JS«i jj-UAaJI CjUjjjS 

^ ■■ <V1 j ^J-' 'LAsJjlaII ^3 lUA^II (j Aa-a ^_y a i_ U — a (ju jX. AiC. 

C 

. all All 1 (J|a*]I sjuj A-a (J^-l6-a‘lj (jjiiilj 

(jLaX-Vl jjlx jj^Al V Ajj^Jill Lj'iu.i] ll vLi. . Yj JSi (JSLjU JjjtA ju£l C ~ I . ' l tj 

. (jxwSVl ;jA AjjJl (_£jia~a AaajV 4 j_j4j 31 i—ivUia-1 Ulllla. QjSdj V l.l$Jj *jx£]l 



Ji-ii CilSU JjJLail (ja 4ijA ( "') Jin 

Ajlia Aa3ja11 »La 11 AJ adu 




Lui» <_$1 (_ylc- Ajj j 'ill l_i!!)LLk] L;!>Lk 1 jjfuj Aj__pJI (ja U*3l A-t ll-ill ^ 

ijA L ah-tj utj -t A3at,) A Ut' r^ya jj-in'i ^jll^y AjjjJI djljj^al Lxju lilljj ( jJAxa 

(jl£• ■_gj'.~kall ^aWH (j^s A-Ja^il ^jlaljVl (J^lill i—).laa l.lgjj • jjaa-w^YI <.Lall 

CjLu a j -laLa-a Ojj[£llj ^alilLl JaLa^a JjjVI ^jjSj ijilc. . (J-a^Jlj JaljJI (j^a A ill a -!■* ~-l 

. jx&ll p-a-ail Lj|j Ajjill 

AJaL^j A-lla. ^ Lai . Ajj 3 "ill L_#!ytj_k] L^Lk (JxAj (J£lill (*'!") (JSmII 

a - t 

jjjj tjl [jSLaJj (J^L ii .iu (j)\ ^.aKIl jjli Ia^Jj . AjLa_aJI Aj jJjJL) AjL 9 ^aKlL Ajl£ 
tJj-ijaj £J.Ai (J1 %-a AjJl1s_uiVI_j Ajjl_uij_kll , a )jall tillj-Sj . (JSLill (J_ya AjLx_~t 

* e 

. Lgl&uil ^LoiI^aI] (jSbill ^JA AjLftA.ll ^)9^J ^lljlljj ^)JAuSVl 



+ A. J * k la-m <J_)J 

+ C-L* ^ A. Urflljfc. 

lUL- £■ jJ + i\jA 

^jUi y, jsbji 


l IjB I fi (jja aiyll 

Ulrtl (JSUll 

* ^1>5UI 


Aji^aJI olxkl ujmm (Jiualj JsfUl CjVIa (TT) Jki 





aLitl Jkj Jajh-'t 



J»lj 1 J»j Mj ‘J-*j 

^U. (jiJle 0 -!> M < ^ 


4j^l!l ‘JSL *Uii (*T) J Lit 


:^JI0j)i\ tm *& U WU ^jjd l <yqii miKj iU^iJI iL>il^«LC ^ij_i fl < - i»J 

;» ll|<ltt d « H I JU iUil^aLC |w*yLi (^) 

tj_^*ll jUat L-'j• -* ■* ;‘j $Sj t_iL-all jla 4_iLfll <a^Li!l 

A Ijh Mb 4jj_iil 4 _ljIjJx. i—iijjj ^Lutlt 4_sbo_aJ AjLLjj jjJLJIj jSII 

,~i j al\ JjiLjijI ( _ s Jk 4jj_il] ■‘LLLj^SJI 'bojLLa!! j .JJJLij AjjLlajSj d < • ' La (Jaljx ^yic- - 

t 

^ • Cfi>4^* (Jj-aj-ill (j* LS^'-? is* a]’Vj Ij-Luljjuc. ^jLs3 

tills Lal£ Ijjj (jlllj A^SII ^LojLiLa.ll A-LuU lb Ajjlj Jx- -j j ( ^ ^ ) 

(Ji-ajill jjjaii. jjlljJij AjIxJI ^^LaVI 


4-ajlLaIL i-tluiU AjjjJI ‘bjlj.lG. ,ajjt"i ( T ^ j JjJA 

— ^jl 

' *°- IJjl 


^ « * * • — ^• 

ojIIaa 

AjjljlaJI Alis - \ 

1 • • • — £ o • « 

O^J^. 

Ajjljlall iauJijla “ X 
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AliJJ 
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^UJI uUI 


i Cjl ) Jac-j 4jjj 1I ^gtjl i j-i jj' (jlc- <—(jiaj Lo£ 

t. iL^l l 4 s ltl \U ^ 4 

* 

4jjill j‘j »1 (ji <— Ij+J e-iiall L tlllj <jAj 

—4_jLo j )]I 4j_pJI lillj (JauIjj . IjLv oLwll «-Jj,.m j.a jjfLj . A_wjLvjj Ls^Uaj 

* 

. bjjjS. (jLac.1 Jl <j^alui<«SI 4jUL.ll — 4jL«^)}! 4j’nL.Vi 

:AJIjJa)1 OLu*• 

1 ii & la AjjJill ^j3 J J » "'ll . L., " r, ._ftj j A L..,ij| '\ j Aj^pii 4-i^sl mjillj 4jj j ill 

f < 

4_j_3j_all a Lull ,j_J_a A — (J4-C. (jJ-a. ^jLcj ‘ L5^ ‘J * "**') 

<_ tjp-a ^Uaj] 77h^J Vj AjjjuII jj£j AjC.lj_j]l AlLi. j . ^ 

, 4 i. iL.l l — 4 lloL.l l 4 4 .loL.l l — 4 .1 .fl ^jll * ~.~ j 

* 

L 4 yAC- jjfLl . ‘ *JJ —x^llj 4_UlLl4ji j 4jJ^j]l 4 aj* 1 V 1 (JjjSj 

j' - £ — V (Jj4_G. (jlc. oljxll i_ij> .j'u . ® — ^) gL..„ LijjJ [jjUl 

4UUllj A laJnll (_j4 ^Uil jjJl gh.a.1J (_g^-L<4.4 ginn Cllj) ojLc. -4 _j_^)-a11 

, 4 n .H I 

liJI^ JjJI OaUJjw * 

t 

jjia. (jLaX.1 (jit 4iijJ)]l iJjLa (_£jL »J qjW jjj£j »IAa. <_fl- U uL a t— 

t 

4a i«,'^s 4jj^ll 4 ...I I gL...i i- ijj4 4j3j^]I sll«ll L.k i_j juj.4 .^ia T —V 

1 'J hij olj ^>j]l tilliSj <X4vl& jl1^-4J 4_uLij CjUlkja lJ lc- 4jj'i -v 4 4jjjJl Qj£j . Iaj. 

f. 

. 4^ j.‘v.r- jl ^'r- 4^ j~wal l 4 il«L.l l j| 4 i'i iL.ll 4j^pll . ^)J.it~. JI 4j3 J^ll bIaiJI 

- 




oUJU J*j jjjwI 


JlajJI_j j^ll jAJJI <U m JU <U^«JI p.wfa (T) 

^rioll (jnijj jLijimVI (jSwu (j > al) i jj iLs^ll _>a^1I Ji*“\ 4jjj1I ajjIjjc. ^vuiil 

c 

<bj^l “UjljJ-C. -jjA ii l£jjjil jAjll 2J AaJI £• liua -iLaj) p li jij . L_iL<a]l jj^iljxl Aj .u'lllj 
<xjLLall uA jjjill a j . CjliiiL/laj dlljLiia.) 4_uuaj. (jja ^ail liila __>J«Ija1 4 1 .u'lllj 
i., U^Aj ^LLa ■'. 3 > lAjjull (J jj_a.jjiJ_^JI f £jll 4 _uj_$£]I 

. iijill (ji 5 j jJojlIj . (Sulphides) 

^JJ • (V ’ ) Jj-lail UjJa L^aWSJj 4jjlll OjSlj (jjh tilljUl^Vi ^llll ^jlc- Jj.irt’Jl pJP 

. 4jjjll 4jjxl CjljljikJ A Jaliiil A-A^ 

A ^ y ' 5JLa. ^J Cjljl n±y\ (J£l JaLilli ; ^jaII ai-A £alj !_)-» Ajjjjl Ajjljic. ^jijJ 

. AjlfcaJI (JaC ‘ Laa Aiiljic- (JjSj Ajjlll <jls jiSli ajAtC- a a>1' 
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jAjlt fjJu (f*) JjA* 


jUiVl Jrf iLjJa 

' 
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Cjdl ^ r^uYi j^jUWj <uLj *£11 i-jUl jJi 


— jljl <UjlL»JI 

1 
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i • 

v* • i> Jsi 
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(i^k+S d-—jj Jsl) ^-*jL*-« kP 11 ^ 
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. Ljbj^jSll AJjiiPI Lj 2 Sj !1 LUj jji c. jc.Lj iijLuJI ijjjJi 
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jjlc. ix-Luo i_i^*jij CuIjiV Cjall jl jjjjj CxiUI jl 


CiJjiLa ^ * * £yk jj£l 


i j PI (jaLli l£m .Ci UjjjSU 'Ujui-dl lup^ll laLiu 
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Ciljil* ^ * — c * j^* 


L-aLAj o j yjj \ K j 11 ^ ijJ| jaLil f-P^-Lu^II jLfl lib 
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CJjiLi 0 * — ^ja 


j_a11 ^iajjLill j^4 ^ TJ >11 4jIaa 
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.JuliJI 























£_i J J&j jjjjuI 


jjl jji (_yaUajJI Aj_jl q»7.T Jjl»-« Jalij jl i'i •tVI fjj 

Jjls ,jlc. a - jLlikl ^ Jj2l JjIaa 

AJIa ^ • o_j_j*«L»il ji J |jac jjlc. Ajjal! (j* 

.Jc-lilil ^LuV A&lu-a J^lft jjii ClljJiJJjSlI 

2NaN 3 + 2 1 —> 2 Nal + N 2 


till jjjjjjU! 

jlaJ 


Jaia jliil 
tjJ" 


JjV IjJaj jLii-VI jjJI (jx. 1.1 jIM hi >'i 

>jj j»jj dill] jliji jjljj ii ijjJoj 
J- a j , ijjJill 1 ~ , #1 -> Ah^kvL^j 

.j^jull ^j)2l (.121 ,'^jA ^_£j4Jk21 
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AjlLj oJllfr Ajjj 

L fl l ^.. ^-v'tl l 

A&\+ c^lc. 4 jjj 

l 6 i j. -—1 ~i 1 1 













^LUI ljLiJI 


: luLL* jJi(r) 

Aj_i.li/ail L_SjjI»J! j *-i-j > AjjjJslj <5lijl Jj£. ac.Li£ CijjI jaulj*ll (ja £jjJI liA 
Jj_S -i.N’l . AjLuj^jaJI j L....Ij i jjjiall i lLail AjI■» £ajjj . Aj^LaJI 

i jLaJ I iic-j a jjjjajjJuA jjij A] t ~ U•* AjjLj^ll Ajati3l (j-a (Jjls (jjSj liLill 

« t 

t'n - % (Passivated) J^a.a Alla t_ iLall (jjSj ajjLoaiVI ajjaII jl AiLui^alL jjjajJI 

__gi l iL^'l .JShll jja AjLaall AJ -lj.laji jiu Ajol jA AjjIjj AjdalLa A a 

HlAj Cj 3 ji (j-a jj£l a_$a (jjjJ IgJ (JSLi Aula QjSj Ajla ^ VI (JSljj V JjajJI Alla. 

c f 

Alla jji . A Wj jlnll CjlfrlijVI L-Sjjla jjijjJl Ajla jl Ajj^jJI Ajla ,. ^ a. ^>j£I Jl^all 
I (__jal_aj ^ Lg MiLli L lln 3 j (JSLLo J_1_C.) AjLu__)_jJlj j^lajaa L_ ilia (jJJ Ajjila A_jla (Ja_C. 
(j-a Jll aj all llAj . alilj t j L V 1 • j^ja ji^o jJa (jjSiui .Xg >11 (jjj- 3 jlj ^^laj ClLh^iS 

® 1 “ —V * * (j*a jjJI jaJ AjjaC. ajlaj ^jlaxJI j! l_fij ^ail i N (J£Li]l Cjj-lal 

(jA A fl 1 li j <aj JSbll jajjua i lLa M jjSjj Ajjila A-ilA Jj.f. Alla j . dll j a jLa 

i lLall (J^iJiilail jjJ 1^-ail (jjj (jjillj • <■ tli A * Qj^ - a J_g_all ^jcLli sjl^ Ajlu^jaJl 

^3 i—iLall JShll diVLa-Ia] JJ-lJij < ^£ Aj AjladuVI (j^<aj j_l$laa j I ill i—lLailj !_ISLjJI 

. Ajlu__>a]l 

c 

jjJI i_iLa]l Ajljln.nVlj jl g aVI AjjLui AjjLuj_)a!l S_;_j*iiLali ^Plai V CjVlall 

Jjaj Ajla ^^3 laS AjLaall CjUI jal Jit U^J • Ajajla AjLaa 

eJjUll Cjljlaill [jc. JtiUIl tjalaili ji JjaaJI AiiL (Jjjj < _ s a)i CjliljjISili 

Aj^all jjA AjJaijll Aailci LjVljj '3 Ai^ajaall aJUAil Aj_^Jill jl sjjlaA jjLaa (j-a 

liliiS A i.^aj ^jJI jail jjajaill jl jL^aVI (JA^ 1 L ' A 1 Via >aVl 

jji L_jL<aII ^jie. jjjj I JjiljjiJI oilA (JA (JS j_ubj . AjJbjjSll AjjjII ji AjJailll A a _'U 
jA AaLuJl A_ulu^a)l jiul^aSI AajJ <Jli al^aVI Asjlu 

:CJ|JL— 

t — 

Cl-laj jjl (J£lj]l (jlalal ^a 1_iLal) ^laui ^JjAall^ Ajlaail A a'U aJIjJ 

(JjjVI .'—iIaoJI ^Snm A \j » ?■ aJLui tljljjjl -S_^aj Aila ^ a *i j all AjLuijail Jais 

\ro _ 



abJll Jsj jj-tul y* lajixi 


jjji L> LK*J^c- • JJJjKlI Q>ji jA <_ S L«-C. JJjk <2 <^ill A J ^ jJI 

^2“** LS^ - I»j'^' Lid y • js'lij L_luall Jji JjJlaJI jli t j ! ia. -XVlj AjjjISII 

. jil lf\ JaL« V * • LauU JA ji. i*J JStill IrijiVnl jjja-all 

oLix ^ jjlouuJI aJIa L*S ajjjSS2I (_s-22 *JI jj^jall lLu^, JL^JI 

— a 

(JSij (_$l J- 4 ^»J Q>jl« 2 i tji (■ j-?. y° ' * * JjjjlSlI L^aJ i'na. J^a. ill 

A.j Tla Aj^all At jin (JiL^ m£VI u^)*iijl (JjutaU till jj Ail..ij ^.11 l. 

A A t 

<2L^ L»l. L ) i« > j^a-il! oLu* t_ilUI .-<Vi ^jl till jj Ajt_uLJi 

4jiXuua AjVia ahVI 4j^ali ^ja Aa^jIaIi AjLajJl 4iiia j AjijjKH AjiiS^oll 

A A 

4_ajlLJIj jjjjISII q^jI Ajjj]l -jj\'m jlS jLi&Vt jji ^jL iiliic. jlj-oiuilj 

Ajjili a_ajILaj f.j ^ V * • JjjjISII u_>j2 (ji . ajjjII ajjj_$£1 I 

A A f 

(jAjLkll aj!, 4 % j»jL Hole, -j»jl ) • * * qa Jil AjjLjll kjjjia (jkAxil 

JSbll JaLuj Aoil ja ^Uaj J±3jjj JaaJl ^ JJ-uilj-»12 LLi%uaj (J£i iaJjJI jl jlilj£!lj 

. j_lSlill jjljJ jjflln -lie. Aj Jjjlill AjLaali i^aC.j 

. AjJjjI£1 I AjLaaJlj sJjluill Ajj^g£]l CjljUill (J*Aj (JSlill 

:«U«raal^l AUjJtH * 

A — 

A j ^1 aJI AjjJilt ^3 i_iluall Ajl_^lauiVlj AjjLu; A_ijLui_^ 1I ajj^iLall jJSlj jj) 

A 

. a j f.li. ^.11 I~il il Jl jl Cjlfll-k a) AjjLalt AjJill JoLs t*l ^ *> j jlS ib li^ Ijjli 

t 

<UajAaj (jiiLa-i*ll Ajj-lXjli CjI j AjjjJt ^ jj^hIjaIS (JSU1I CLiXa.) (jl 

^3jll Ajj_ill ^ JSlj . A_j_ 3ij-aJl sLuJl t_jij-uila jjj j j i lit £A A_JLc- 

t 

j£Jj . aj j—iLJj A_iuijjLj Aaii^aJl aliall t_ijn'ul tilj_ij V LalUa jiSla 0 7 -jj Xj g 11 

Cjjia. ijLaia,] jjli Aj3_^aj) alxall v-Jjin'a liljAJ A-A 0 QC. ^ UAjJ-lAfrll ^jll (jJaliA'i) Jic- 


(jjUll yUl 


Ajiaibb jl A_wal_aJl ^bjJI Cjl,.jl,a.& JLa AjLa_ail Cll&ljj.] .Jm. ->■ ^ie. Ajt_i ^ajLi <JSiLi]l 
. oJjmIaII Aaa.jL.jl AjLaaJI , \ ) Ja (JusILa! La£ ^j-ajlaJI ^ixujl 

:*U^Lll iJij jlalt • 

tec t 

jA til j ~nl j_y£j Ail Vj jajVI glnm <.' l -i Ajj—3L ” abl_E- jj£j dJjawLaII jl ^CJ 

t 

iblaJ L$jSb j£. AilUwi A-iLIiaII l_ijjlail XIX a. jajVI 7 tLxui jjj L^lLubl jjjij_ba]l 

t 

AjjJojJI joi ^LaII jji jjxjIIj jlgbllj <_yfl (jJJ sjljaJI oU.jJ ^jjaJI jjiiUa . jajVI 
1 a>i jC- Lit LXaillj . e-LLLIj I. Lu.all jjj ojlj_all CiLajJ) jjjti.II dll LSj <_ili_ajlj 

t t 

\ . iX tnj jl j^Al AiLuij %1J AiijJI ^lauiVl fji (j_aJI ,_yi AjjJajll jjo) o1_Ja 1I f n> -a abLjj 
jli LaI yxSX . AjjLujJJI jl A j La mVI AJjaII A & I In i_ilb Laj ojjauIaII i nln .j ^^lc- bbLL$_aj 
j^]a*ull Ajl a all *IjaJ |»ic- aJLi. tjs ojjauLJI jax. Ja& 3 ■ - 11 ■ jl j^Aj A_jA.La!| <—ijjlall 

: A pWja^JI aL jmII * 

jj \. ,ill<ll J ^jj iaIxaIIj «all bbLbjjii j a AjlLe- lIjI^A c. Ajj~i .^aII Ajjjjl 

Li ja. A_iaji_a]l A . nlij AojLujaJI idlLLib^U Ajjljic. Ajjil oAAj Aji-jj-iAl Ajjil 
^jtL jl j^ aj - it.^tl Ajl^laAiiVL AaiLijaJI oJjiuIaII jLIj . AjjilL A a. ** "*1 AtJ- ^j^aJ! ^ j^jj 
A ^1 <JooJ ^illj Aj Ini ill Ai ja ^3 CoiAaiVI jA ^jiLII ^jia-all Ajla Abbjjlil Ajjill 

. i—ln^ aII joaII ^ sjlLii 

:^X ^7 a >»«alVl CJlja l gab AJ cJU aJl l jaahI jli AajaII 4aaI^J£ (1) 


J-Lul£I A ] ui Ola jjLtll jij^Lijjjll t"i~iA iuVI jA L^al jaj\<nu»iVI jxahIj-a ^'l>«n"l 

VI jA ^wnjA II jjjljJl ^jill Lai I ^■jill jA lifcj jL^I jl l 1 G jj^A ^jxJ^ll 
iiila-uiVI jjll V thvaj iij . (Jal jl i I jC. jaII ^jJaJISJI .UiA,^l AJjiU ijjj V LjJaa LuajSVI 
jl) ^ ^hl l djL^Si^oll aLwLui * xr* A J. All’ll ^’j 1 n. Uil Wjlj ..'11 L-AJ J“J . . VI oljjJt ‘ j 


\rv 



sU.1 £-> j J J&j j-A-.ii l is J)l-| % 


Lsr*-tUflJ ajj^- a_3.jo s 'll iVi* liLij! ol jU r- 

.cib^ ol jj oLttl aijai ^j Hydrogarnets 

A Urf"fc<aL^Jl ^ -■ -- |Vv ^ ^\ ■'S " s .-• V AjiUojVI iaijJI ^uajj (Y \ J JjiaJI 

• <*3 J ijA-^ 

I ^jjU Aj-millj (jic. fLJIj AjjjJI cliLi^jSl ^jjIjJlc. (VY) JjiaJI 

■ 1 

A j.>l/. l■vU jji (jajfriMiMi'i I 5jj*uL» iliHiaawiI Jjja 



A-^iJI oL^ll aJL^. 

II 

l t jl\ 

c 

i. 

0 

*i \ Q~i . n fi 

0 

0,0 


o t 0 

\r 

(jljj^llj Aik^aJl < Uu^uj 


I a -y-;---y> SjjauL* (jit fUIlj Ajjil! ^ wlij^SJI 2jjlj.ic (fY) djA* 


(ji .iUjjSIl <Uuij 

^ ©LlJI aII^ 

JaU v * • 

AjjljAc. jjc. 

r* ..->«• • 

U ii. Ajjlj-lc- jiL 

Y» * * « — Y * * * 

Ajjlj Juu'l IaamjL* 

Y * • * • ^ 

oJLjJui 

_ 


:^yUfc«JI ^iyljJ£ | »w4j (0) 

t. € »— t £ 

<jj-ali ijr* ^1jil tilliA <jl VJ L JSLill ^jLL) q\ ^LaaJI ps^j 

. ^UkjJI v flVlll <■ - H <*n ^jl 4-1 x l-Lail 












^jjLUl _iLJt 


,j ±j U ^ i -i-u >1 1 4. _^lflH 4—) ^| ,*t11 ^ ^1 1 Cl A j y 1 ‘-^ 

Alj i‘<a»ll (j^aL^^Sfl (j* AjlLaJI dl^Jj£_J-i]l tiiliSj tAjlLc. (jjSi dlLl^ji£]l Jl CjUjjjSIIj 
A Ladill Ajj^dll dill Aajlllj dili^jj£]lj CjIjjjj1S]I JjAjj ^-Liujlj AjjA nt _j-iaJlj 
(Jladll A % j Vi AjJ-iSI Jji JjLiill dllj-l-Sja £-Uijlj dlLil_J-£]] Aij 1 A all bjliSJI Jajijj 

^1,1 ^ 1m>\ Ait AjjjJI (j3 (jaLaj]l (J£ta al_a. jbjj Ali-Sj . Aj^ .Aa all dllljLall (j-ll_^A>UI 

. >—Ai-tada Aajill alAui'Vl 

« s 

aLAI t-_ijxui» ^jS j ja "ill till j jjialjVl jl (_3JJ-^1 £ulji fj£ (jiilaall jjSJ ^li V 

(JjjSj oaI& AlLijiJI jjalaall . AiujA]l diL£_jall (Jail (J£AI tlijAA. (J^aj tlliA Aia_j*JI 
ju iai U£ . Ajjoll jjS {jut a ill (JSLil! 4 linij lai AjjjII ^ (jjidoll {jiiLalll Axmilll ^JjjLS 
aLJl jjuLaJ A_1 aiu]L AiAjil (_jiajVl dial Aijidoll Aii,Lull aliai] .j.il -- '^1 j, ' ... 1 j * 

. la frill <Jjall jajL) dlVlail alA (Jia <ji AikLJI 

ihlLddiJLJl aOj»*)l ALdl^Jk£ (D 

djlj_Jj (>» (jA OjLjlH <jW' trW' ‘ (J- <y tr> 

(j-a £jill liA . vjj^oll aLtoj a Lit! I (JJu ajlc. A tlilu all At 3»a 

C M- 

t-LlJj^l Alua yi Jit Ifrj V Ijlai AjjAicJI jiujljadl AjLa. ^3 LA ^ (JSlj A] dl-laj 

All a-aJI ClW_>a*.t jli IdjJj Ajliall ^ jLoVIj ClUjlLllj (jAaLa-a^Vlj jlLlu V AldS ^Aj 

. Ajjllaa J4C. ojy*i UU AjLJaJI j Aj^jliil 

dlljxiJI Jlal (jic- tJ«*j jjlll jljJI (Jail i iLb jl (j^Ai _jiuil_^«ll (j* ^-l^iVI oAA (jSklj 

t 

. bAj 1_JJI dilil^A^I ti*ii aj_yuiLJI f w> ^-jjjlll Aajjj jl l^iiljlj 

< f 

Aliij aJj^iiLall alLa S-^ij ijl QjilSilj (jjJAioVI (jJjjLiil (JiU djlijiall 

. (UV) Ajj-uiiull (JjS Ajdi^l (Jail d'ljAl]| (Jladi i" n-t (jaxdll AxlV jAiliJl (jla_jajH 

_ 



»LM £-» j JiLi jjjxil ja la jlaU 


(JU (jaasUiall jjjll Olj Ajj^ianJI ClLSjxlli dluui!2ljj_ajjiill j( ja jjllj US 

U^Ji . Ajjjll (ji AjjJewJI jljali ^yjljA^Ul (Jlajil £jljj ja jjSLl (_fillj jliuail jlc. 

(ji-j-aJI t_i j^all ja kjj tAxC . it_ja ^C- AjjIaa 4jjj ^ ^udjall ja £-ji]l liA c-Lijl ^iaj 

j a iilla>>Uil cilliS J4jb l*J (JaljjJI ai* j . OUlxJI jl ^ydls-ai! j\ 

< 

.(Ja! (jSlj CuuijajjjII 

:5 JjUUI dljL3l Jjuu Ji'Ul -A 

(Stray Currents Corrosion) :o£jUUI cjljLtfl JjuL JS'Uft - i 

Joik A a 1-ila Ajjjll ^ (Direct Current) j a unal! jUlil 

* — * * * 
jUill ^AmJJ . Ojj^UI jl (JAjCaI] (J£lj l-U ^jX*-aI 1 1 nUall jl 

jjlill jLill • l$Ja Uuuj] aajj^SII S^jlall ^ ojUl* je. ojjj^ aJU* jji jjluili jUjIIj 

t t 

jluli i-ojlLJl ^3 Jsl Jaa (J^Iu ^jl Ai Lj^£_£ aL^XqII j^A 

* 

JjjtD JolLa CjX-aj ^li_aJuu)Ll J 1 J 1 J. ^ -S ju_Uj_al! Jajlxa. 4 jl --sVI <jjjlj qc. 

. JjUJl jUjl! (JnA) AJajna Jit. 

< u uij JjLu j)U_i (Jl a 1 -s j j y ^ yir- j 4 j < s■ Jl jj .J j Jl (.L-UV UjC s. 'ill A\r. 

jjLiil jUjII » . (_U"' ^ Jl jjUJl jLull ^jil ■-* ■» a^Ijj _^a a jlaiil jjS3. (JSLslt 

( Uu JlliS j Ulll (JaxJ CjI_^J aU]l (jjS3 jalupJI 

. ^ (JSj jaIuUI jUIL 4jj^ilS]l 4jU-s.ll 

4 jajS jj-§S (JSU loJaij Lfjl ajjUJl UjC iljluJL JSU11 

JSb Lj-ii Ui^-aj aij jj!ilS3l (j^a jUjli JjUj a tLj< U!. jyi iJjSj (_5a3ij ji-jJli C-D^ 

Ulk jUjII JijUa Aiiaia ^yk.jLail jin-ail ^U... ^ic. uua. J y*.j aJU. ^3 jll jj ijUiS 

JSLjll tiA { j<-uO j ji-n^aU L_iij JjjlSJl (_ J U- (H+) (_fjill jiJsjJ.I j jll 
JliJl ^ iilc iii-aj (jiilj (Hydrogen Blistering Corrosion) JSbllj 

A \ ...il l j U1 --1 J 1 A >*i 4 tlr- Uj AjLLi 4 s J . -S1 1 \ ... i ji all l ll--sll 

jliiil jrjjjik. AHala ^ ajjauUii ^j-kjUJI ^jawil { jlc. JSlill ^ il, -all j^l^ai 

- \t- 



jlkikj J&. j»1j • jO jaII ^ JjLill jLxill -J J JJj <ijjuo] diljLlikl 4 j^Ij o jLc. ^JLa^LuU 

: j»Aj <_3ji 

iik (jlc. jjjlUi') (jjj A$-aJI ^ > 3 jljjLkl (ijjjJlj ojjaiIaSI J^aII (jjS ^juLjS jLikj 

. AjjjII ^ (jjjiaij jjJJ .I^aJI (JijS jlfiklj JA*1^Jl 


i jc. uiifll ,j£a) <jli AauiIja OLsLula ^ylc. ^LuiIjaII iik ^Ic. dj vLas yi Jja»j die. 

. J J ^ 4 1 ■ S~f\ * 1 ..1J ^11 iiiuli dJ_^Luil djIjLlil 

* 

!»jL 4jJI jjKII 4_jIa_a1I <Ja-C. jl oJjluil djljlkill QC- 1 °^3 aJIa. ^jS liiljj 

•JAhI^a!! ilk (jA djUUiil lS At - 


(Jj .lOJ-jJi iafij (Jj ~^- ■i'i 4 j -a A I al_C.lj_A £A diljLii-iVI oAA C 8. Alj jLiAad_kh ■ ■* 

fi < 

<jA i_ijjJlj («ll .. (jAjli a^ iakli Jx. aLuUaII dll A $ aIIj |_£j-kVI jajjakll £A djvL-ajJlj 

. (juLiall dlljllJ (_jl& JJjJ (ji <j£aJ dllfrluiVl ji j^jk'Vl LjLkll 



j/vi iikix 


^JjjU duU jld (jA SjjLSJI dljLil JjlL ijjix« SjjaAaI JSUII (^ 1) jLi 

.jUill jrjjk (jjSVI) iilai* ^ JSU 11 ) 




oLiAl £-jJS j Ja ^a-i. 


j iJ ^ i ^ 1 ^U3 - w 

(j^eajLo ^lojJ <_£jLx. i-jiaSj 9j^uiLJI jjjst® (jy J 47 .ll yk AjjjIIj aj^uildl Jg >11 

Ll)lljj_l_Skj (juLajll (j* L-jJaS 9jlc. jtkj <jLk t £^C- ajLlX- (_jjLl«JI i_iLill . Ajjdlli 

JlibjjiS lIiIjjL <j a A-iiLa JjU < ^Laall (Ja i _ />* * L-i^aa ■ ') ^li . (jaLadll 

% 

J_$_a. L$j AjjLlxJI Ajlail . Ajjjll UJj lj ^ jJ*All ys (jjykVI AjIaII < °■ -»'j . (juLaaJl 

— < 

CjIc.IsjjVI (_)ulli <uij dll jj L$J AjjlLa ^)aI (JJ»A (_$l J 4 A (juLji jj^AJ UJa Jt"l.u<ij dillj 

A j.ihUj 

* 

AjjLjjII Ajlill dLj^J A-« LlL-i ^>iSI ^rj j-e->J La-ViC- AjjjIIj ajijAaLall .1 g >11 jj^Lii 

LL jiSl Laiifcj (J£bll Jjll Jyuj AjJyl aj^uiUll £)j£j ajj-uiLull ^jC. ljA*J 

JSa (JSlill -Uaijxa jaij AjJylS ajj^uLJI Qj£j a j^aiIaII <ja Ajjlydl Ajlill Cuji L»1S 

.( 1 =) 



SjjaiUII jjj 444!) jlj 5 a>l (^°) 





Current Span jit ^Lfl - u 

JaLl «]1 JJoJjH Li dAjUill Clljlnll i _ s lt l_Sj«all Jji A^Li (jjS (_>ulj 3 'l S hiij 

La*. ^jic. jjJdLflJ (jAi '| j H ^Liu A^ ail JJ_2 jjjau . <J£lil] 4 —AajjH ,^Lii#ll \) 'i a Vj 
.'-v aj 4 .'11.1.0 ajLs U -v 'i <j %1I IaA aLjY ^jlUl jIajII uua ^ __^x«iljoll 

ji £o LI^ijLJLl CjLLi 4 j 4 _#jlLoll (jJL jTu-ajIjj ^1 1% Uulj (JiiUaII 
Ciilj jLj (jubi]! 4 iL# (ji JjLil jLill (jAiJU (jLw .jlni) bl!iLajjiJ L-sIjLY1 

(juUill lL 3 ^ ? *i •trimull jL 3 l Lia jb jLiilfl jjjLj ^jii ajLII jLU aL^la 
ait. .jUI jLJl ^jLj Jjlill jLil aLlJI ^,n vimoll jLII .jb ^jJI (jjiLiill (jjj a^LI 
j ui& AjiVIJ jlLl jji t 3 ^L (jLj ^luiljoll Li ^lt CiljLij aAc 

. biAajj jLil 

(Ground Voltage Gradient):^j#(LS-^> 

Li :jfA LljJ Ajjjil jji jlii Aj^j AjAi) ^ AtbiJ AjjjJI I q 7- ^gi srjAjJI ^lai 

« c c 

(jJjJti (ji AC-Lj Ia&j jlnll alii] {jJj«t ^ji lilliSj (jijVl Ciil ^aA*-# Li# j\ ^y-uljjoll 

, a j 1 1 <1 # 

^jlc- AjAjiYl (_3JaL#ll (jjaao (^>a ^jlull ^j£a: ^>jLjj#!I Li H. a iil ^lt (jaUill Ait 

. JJauIjLI Li 

'_LdJ ijJJA^jj LjLJI ^Jlt l~ iljijbll ^tiULa Ajjill t j > ijj £jLll (j-lal j»Aiiuu 

LLill i__aLiil ejjL /jLJ . jjjjLiLi# (jalaLI ulipl£ ]j«L / j a *Li 

. bjlll ^Lui j^lc. uia ^1 llL ^»Aajl 

C 

ALjla Jual_jj i _ s Lj lljLl jL jjL i-iL Lli. CjIjILJI LLajl ^iaj Ait 

jL Aja.j dili jjinJ A^a> (j-» [ j ) 3 Aja.j ^JL . ClljijLalli A4LI , \ ) 3 JxiLj ^ LgL 

t 

cliljUajll ‘•■im'i iiLjjkij lillij ^,iaiu a Li t _jlt CilcljS aAC- lLa ■ (_yLjl 

t 

jjL# ( _ f lt ^j_iVI dLj-ilj L^jLo LjUaJ -■ a<^) di__gb dllij A &Aa Aall J_aj AAj__)Lj 




,>LiJJ j Jij 


. ‘Cc.Jjjjj (Jjjlii]l A \\a r- •y) Laj *AaIj 5 *1 a~'ml ^ic-j AjjL-lX# (Jj-aljJu 

(jiaLLjl tllUIjill £^ualj)l jjJoll . e^Xa. (J£ (ji Cll«.ljjUl Jj ^ ^'s 

*■ 

. L3L^ LjiJi (JLa& 1 ^ J°^ 1 4jl^ JaukJ AjJ^jlfUlj 

(IV) JSi :££JUUI >1 jail JjuL JrtJI -1 

— * 

jSLoj AjSojlSxal' (J^ljaU LiiLj . <jjLxj£j Aj£jjl£x» (JxljxJ ^13 (JSlill (j-a l o jjk 

:<u"vi 

: 3 j-ull J>l J iXJUUI Cil J\4>yi - i 

. (Stress Corrosion Cracking) jI^VI J»ij JSbll • 

. (jjia-di ^jic- xill (jJi £jjJ1 iaAj 

^ aJJI Jli-a-j (Hydrogen Cracking) ^jxa. jjXl$JI • 

A aUi_a ^ i^ia >j Ui> aJjLiil CjIjLu)! <3La. jji 1*5 (H+) ^jaA.jj' V j . 

. JjUJi jLjJl JjaJ 4*lai* 

jljjA^lj JJjiil al^a.1 t-u*u (Corrosion Fatigue) <J£bll • 

d~»s\ JA *uJd iA^i 4U SLMM £1 jVL jl j-JU Jtfsll - v 

Fretting Corrosion ^a.».i oJAj J-Udl 

j ' r- ^>aJ ^j.}j»_* j| >nl'l iiX- > 3 . ) J J (JSilll liAj 

<Iijl 4jc. £tlii Ia 4 Ajjjj jl diljljjA) A a joj l * ^jj-j CiaZi ^.1*-* 

v t 

.AlSljj jjaa-dl ^liut (^ylc. JlumSVI (j-a 


jjjudl ^ JiUJ 

JJldl (jjj <a^Ljj (Erosion Corrosion) .")-■» t)L JSLiSI • 

. (Turblent Flow) >_j( jacull 







Aljjaj Ajc. (JiLull <3jJax A-aJ-l) ullXaJj (Cavitation) (JSl—jll • 

Cjja (jLtll (jajlax (jxa^>S J ajl& CjJjkJj Jajtuali J a.jj^Uxll ^j-^1 a •>. 'VI <a_u: 

, AjLoaJI j| Jj>i£Vl Aiikl Ajljl uli-laJ 

aUJI ijjaU ^l.db^l 4,-s. j-n iJjJjjj (Impinging Corrosion) J aU^ VL JSLdl • 

t. 

. Aj_^j1I £ Ijj! jji Ia^iIuj ahxl] jjjjjil AlLi. J lx£ (jA*x!) Jaxi Jc. jaa.lo 


:^S3\ 5 ^M IJStn-1. 

(Biological Corrosion) 

L_jILaJa!lj LjAlSJI (Jix AjLLSJlli OlillSJlj ejjxulxll ajLx (Jclidll jjC. ^jlj jAj 

uu a Lx jj-uiljx lIjISaw J ajlc. CU aj (JlsLJI (jx ^jjll IaAj . ClLJaillj 

^AxJ iJSUil Ijufc (Jjlii j£xjj . j_wJjdl Jl AjLlaayij alj.xll A^JljJlj Jixll J jjjo 

— * 

^yi Lj^dl t-ln^y will jj JSUll ILa Axjlix i . aA^lj aLx Jja, j jl Aaix CjLlgj rja>j 

« c 

jxVl Ajjuxa Cjlj^JaxlL Axjlixll J» au Ixj l^liwlj ejlijxijjil Jc. Ijx^ljjj Cjl&ljll 

. Lj^j] AjlulliJ AsUiillj Aiijyi . .o.-» 

Sulphur Corrosion 

(jSJull jAxx «.JIaJ Aic- Lllij LaLd CjlSl <~ii J J£L]l (jx ^jjll lift CjA-ajj 

i jlc. A_aAla LjIjA y (Jl-JJ t 1 aAAj ■ JJxaljxll £-11 l jS AjL^a L-luiljj 

£x (Jc-lillj JlUl Jaxj , \ »3 aj_yxlxll iJjJj ^Lfcl Jl AE-LusUJ (_5A]I (H-^S) -jAa-jJ,'. jjl 

w ( ( 

(jjj J£L Aj 1 a x ojjxulxil J-L ill jljtaJl Jr. Ji.uj ^yjll (jialx^l LjLx (jj^xiSVl 

A Ji U.,iVl jl^xll Qa AX-jVrflxH J_uJjxl] jxix (J£Lill (jx Jjjll 1 a4j .JjiJIj JjLJI £tlxuJ 

* 

AjAjJjJI JUwljxil ^yi JjAaJI jAJLX w ^ ij^jjAi^JI Ajlr>iS (Jc-Ujj lx£ ( ” ' | . LiLal 

. «.lj y* aUx ljjia AialajtSI jaxIjxjIj (jjlajil ^x jJc-Ujjj AjAaJl j Aujjj£ Ijjix 

. v 1 ^ Jl IV jshll Jl£ii 


)to 



dLill j jj j J&j JaflaJi. 




UV 









5jyyiL*ll (^aS JSU (TA) J&i 






((JSlj) (jiUij* J .i I 












t±Lujji£]| Jxiu vIuauiV) (JSIjj . *V ' j) <u\* jaJl (VA) Jii 

i j;-).M*iVl £-* Aic-Ujj jjijj ■!*$]’, JLuJJj£ AtLiSj jjc- juUli 



Selection Corrosion ^LunK JSU (VS) Jii 




jbi! £-1 j jj J JLl J 1-L.jl yz In 


oUl ^~\*)t Ja* <««■>) ^al^& - \ \ 

t — 

• ^jjLtiS (JdjC- jl 4ja nti Lai alxall jjdjd t _ ? iuWI (JSLij! budl: Jd jC- 

:jJI 'Iriji wail <Ux*Ua)l ^al^jdl - i 

:SjljaJI AajJ (I) 

^ j c .l. Vi\l Cxi a. ajl__>^ll f- UjjL jhjj Jildl J-lsca j)l9 Cl^/lxiUjll ~ iaJLa (Jda 

* 

C-lj^H (jiajjadl 4_]l_x jjJ Lai . 0 jlj^JI “Ca-jJ ^Liiijj Ajjia CjLxjJ bjjLc. (Jil Ljjjii 

fi — 

<jljj (jiaL-aiV Ijlaj ajIjjJI Jj ^UjjI £-« (Jib fJ Vjl djjy ii (J^dl J^*_a jlj (jjdl 

CjljLill jya JjLJI Cjj -k ajlj-aJI (ji plijjVI frlall ^j-S Ajliall CjljLatll 

(Jjuj ajlj-dl 4^jJ e-lbjj jLjp abdl LxiljiaJ li^Jj . aLbal! <xiljXC. ^ja JliJ Loj djIbaSl 

. “Lldall ClljUJI Jliii dJj j (jLixll bajJ O - t - r il>i9^l 

jiUkill ^jS j-iaCall <jV Ijiij ^paV! lAA Aaic. (jvlstij V (J£Li]l J^«-« (jls ^aUaill (ji 

. ajl_>aJI 4^.Jj ^Uj j] £a tiSU]l Jjjta jbjj dlhij d^Ludl j>« Cjljlxll L-lJxuJ jii-all 

(jS^aJ ajl_>dl 4 j»jJ . aloall 4jjljXc- jya Ajjj baj CjljlxJI 4jljJ (ja ijjj laa /nil jjlj dl^j 

(jl (jSas Ajjldl ajljajl CjLs>jJ ^ La'll! (JSld 4.11 nail eLalli . JSlill 4juda JJ*J (jl 
- ( — 

JSldL (Jl_£ (jdl (jJ*all ■ud (jl fC.J (jSlj ^JuiLpall ajlJjjl CjIj. jj ^ ^alc. JSL i _ l ixi "' 

t - < 

. aj_j«Lal] ^jjxJI ‘ ahII Cjiaj V Ljxk aix <Jal jj_jSj J£liM 4«jj.]n (jl V) £>JJj£ (j_jS3 ^Lil 

>'* a |(jiiadl ill ail j AjXxIIj djjll (J^ldl Xj—x j-j.-*-b ajlj-dl p Lijj! Jlic- 

4_iutilb JjjVI jpa Ajiladl JJxiljd! ^ djj]l JjaCj ^ i 0 jja ^Lc-I ajl_>dl <a.jJ ^L»Jijj 

. J£Lu_ 5 Jyl Jjjldl Jl OjAall 

: aLdl A £<jjm ( T) 

■ \y a) Laj Aa]W A^jLaa _' yA j fl (_J^Li]l aJiaa. jL JL j (_)^b I ul "wi alxal! 4x> 

(jjadl j>a Ajladl <iiia jl (jia-all ^y^aj ^jill , 1j .ai fl VI 4Ajla3 iJIj^/L JSLi 


(jjytJi SVI jlU.'i.i] olaJI 4 x _jjui ic.Luu . liSAj JJj ^ 4jLJa Q_jSj aJL* 

fi — 

Cjlc-^jJt ilU. (J j jl o,lSJll eLall jU ^jSull . JSU1I l->jb'i~ Jc. J«J <_jJlj 1 _ 

^jlaai (jit Ailtc- CjljjJ <jjSj jl JSloll jAj J^bll qa J^l ^y Cj^ ^~' Li«u AJolaill 

— — t 

OLxjJ AJlC' ^»Lc- JSlj ^Jl {Jj-h.'ij A£ <_£A3 Ij JSbill ^ja eAAj ' 

• g’lini ^Ic. JAx* jljjJ til]jjj OjIjaII 

\ Jlfll blblj^jjS i^ja Aiila (,.1 LS^~ A&j-ujj AjljjJl dlLskjJ ^Lajjj AxuLaj 

u_uu j^i sLlJI aIL^ ^3 til]jj (3-* ^*3 (^y*j ^rla* Jl JjC- 

. ^jUISII OljjJ^£ 


£jJ uj,. 1 aJ Init-unH ^j-a Jit \ -aj-ft cl JjLmJI j| ftLJl iriji *>» ^J3 ^UJI JajQ flll AiC* 

o,i =u (Cavitational Corrosion) J\ ^ JSbll jAj JSbll ^ jjJ 

t 

jjxlll * aql) j! ^ Uii/nll j A_c.^ujl (jdU 1^ jlj oLuil <jl!L*JI tlilc-^all ilc. 

i Sj^uiLolj jl riji-a ill ii 'U> a i~j i jjj 4jc_ Lu JjUI jL_* jbJl 

. JSbll u,lV»a3 iJUll A£-_jiii]l jjl US 

sLlJIj <qJuJ! oliiAilli i oLJl i"'K j h JSb tillUS ‘ _ <; Iax <QJaJI Hxjaull 
•ic-Lx US JjJlsJI ^ "UaaL*.j y° Jl JSbllj CiliiuijJlj JSbll jjlc. Jx-Uu <iui^l 
Ax.jJI . slaJl 2 jSj {.Xc-j <UX4!1 Cibl^Jl i—uUi ^JL . i _ r ^. jIjaJI j^ajJl ( _Jc- ijllbS 

. 4jbii ^)jja \ ^ — *, ^ i jA jJiiilj-all oUail Aiujllall 


: JTUI i aeZXi ijiUJJI >1^11 - fcj 

yt-j ajI*!a 1I ol^lalkj ajIaaII (J-Ojj 

(pH valve) ; trs^JJ J s4 ,, pSj n (') 

— c 

Jac-j . jillaijlj Ax-j-aj jj^Laallj XxJl JSb xjj JiU ° tball u \] ■>jjAa^Jl 1 

!j ~'j -yjj 1 j * ^ 3 j (jaj Uj . ^UlJ AjUx > 3 jJ jl J^? ^ J- 4 j 






4jlj]j (j_)^j j^jic- _>lilj 4} (jjjJk.jjAi^JI j»3jl) . <Jj.la. Jd ~k-a uJllil J£bil jla ^ l 0 

. ajLo^I <iiL 

Alkalinity :^li)l (T) 

LiJlx AjjliJl (jjS3 i_jj2dl elix . (_y<axL:Jl 4)jlxx cLall oj^il (jatiLa Ajjlill 

Lai {jjaLa^Vl (jl jl_jxll abAj . (CO^, HCO ^) CjUjJjfLujlj dljjJjSJI (jx 

f 

tjJjAllj 4_j toLkll abA ( _ g x- u Jj dl)_jliL]lj (J^al A %Vi 4jjl_*_x 1 3 '•i l Ya-j a L.L a dl 'j 1" 

V dUjjjSlI .(Buffer Capacity) A»Ua is ajj^ <uoU2l ai* ^La .(Buffering) 

4jUa . jiill £x (Jc. I 8 j-4 (fl ) (jJjLjJ-V L$Jl <jjjl Jj->j fbxi dljjliil tjJJjAll a j3 jijJ 

. L^jIjj L? iX jJxxJlj ^Sjil JjjLj]| <xjlix l$jlo I4A& JIJI'ill (jiaJ t^j-lll 

jjic. ^LaSi ojbi l^as Uu dU^jiuIlj dljjjjSib jjbj J^Lill d2Lxlii]l (jx jji£ 

t- t 

<j jA\ AjUaJ J jA l pj-j ^!KI1 Ajljj j\ jl CjL)jJj. 531 (j^a Ajl a % A I. 1 I 0 s. 1 j 

4 La ja& AjjuxxiVI a J Lai I jl t AjVixiaVl 

. (jx jjlall dlj ^LaJll ojlx ^ (_waCa^>11 <jlj] iJIIj Ajjliil 

dlij_>jSLilVl xa jjjT. iii ^Vl — j x j J£U)I |»Ia iJxLc- Vi 

iijl*x]LS i_j£LLoj! jba-ail jx Ailfajxll 

0 2 +H 2 0+ 4e —*40H' 

JSlsll j’ljxiwl LS k. Jx*j d!^cUjll aAAj Ojjl^ll (jjAjjd^JI ^X Jc-liijj 

2H9 +Oo —> 2H^O 

Lai Jjl *, £ JjlSJI dixjji AJdkil jslill Ji»x djj JjlSIl 

djLiij (jSlill L»''"t (jix (JJxljjLSjlillj jjJ-aljjiSjj_^all (_s-3 b_a-iall 

. jil I^ijzIa T, *\ — *, £ jj Aic- 



oUyjifll (o) 


{jc- i_tj_ ■ <-») L-)ba-\l AjA—aJl <J^b (j-« Aj3-> (AjLjjj_j£3!j CjIajjj 1£]I Ljljjjl 

. lAllbjjjfLiJl ^jic. Ajjia^a JJxll bLaII ^ (J^hll bAa Atajjj (jjjblSkll 

J£b Cili^ij (Jja-JI aJuL aJIjV 1 jLdall A-imilb aIajj aj^.jJ JSlill Ja*a 

■ur^ 

* * 

(jiw Cllj^JjS r Ll]l Jl CiIAJJjKIIj LjIjjJjS]! ijjt !>l£ 4_Lulj jjl iJjLajVI (j- 4 dll) A-3j 

. 'i (jc. A.uujil baa ajjj VI ■■ ' L ~ , j'^ 'iv'b‘ |< ~ jj-ii-' Cy* 

(CL') + 2 (SO" 2 ) 


(HCCJ3') 


<1 


Silicates and Phosphates Ci VS i >Um i j l (1) 

-jlilAjI j!a-a]Ij <.La 1I (jjj AjIa_a, A 8 }li CilkiLtt£ ^jajo djlLoijiilj il)l5ohii>II 

.^jAujI^hI] jjlilall JSlill LojlLs ^3 baIc. ^A~a1<mJ CjljjUuSlI bAAj . bj^uiLaU 

( v ) 

f 

bj j jSjII Ajj 3J-I nil jlj a! 1 AjjljJfcVJI aA-wi£VI ^jL »A ijjT’JJ ^ j flh A.lAjj-J-S 

t 1 « 

j_j \A (Jil A AmOJ B-j^a .jfj jl (.boll ^3 i_iIa« b]J> ..-£1 Aj^j ftXc. aJL^. ^3 jaA/ 1 .i ^^jjl AjjIjAVJI 

A jaII CjbL^jJI j_y3j aA-SIJI dLloII jjS A_ijI^A^UI w ■" ^Vl aAA CjA_ajj t-L *> ^ 

bI ia ^3 j \ ^ Aa.jAj iAIIaS Ci •! ■C'j jl^a.I mL flAA_aALa __>jiJI Ajb^^j-all bLia ‘ -llSu Ail] 
(jAajjA-igJI AAbj-iS . Ajj iVm 11 aIj-JI (j-o AalLc- CiljjjSjj ( _ j 1c. L^jlji^.V ^yA^nll s_ijj-all 
t_ijAjj AjA-aJl ^j3 (jJibll J£bll v- U mj l t)»Aa (_^aisLa. < —U^ *UI (_yi (jbjAll 

c_1jAj V (_^All AjAjJI Ajjjjj^ AltUijj . AjojauVI jj-ujIj-JI ^ 

. {.'u yx b lxq bjSuA AiiLa-all ^jil -v illj ‘ Aj Aail 03 ^JclLj jA 9 . <.La11 ^2 



dUU J jlj Jflj j ‘ -'I j ^ JsjlaS 


* » » — 

■IJJJJjS (jl j_g\ (JSUjj (_gJjjl JulaJl (J« jj Ui JjAaI] Axuulli (_gJjjlS JjXaJI IajjjaS 

jsJ JSi .l ajA . il ^jlc. a£.Lu US jAjSlt JStallj jjjliAjSjjjS'l jJSUJI U.’t.m 11 

jUa-LiVI iSliS (J-4-U1J LS^J ^ jAJ JSUI (JLSAl j* 

* * 

. Oj*J jl jj AaS jlajJI ^Janj ejlc. (ju-ilij Hlall HjjjjS . j^ijaSlI 

(»j JJ$-“ oJ*l _>$ 1\1 V J3 jlljji oJjjij J^iaJ alLc. t a lU- d j»la.jj 1j$jl JjjjjjS 

. Ajj|jl*ll JuJlA aUa Ihj 

Fe +H 2 S-> F e S + H 2 

^Ufl JrtJI --> 

ju.iail o.\ im SjUl Lj-iSjll Uaj bUUI iiihlnal ^ 4_plji«Jl LjjSjJI ja j^c-jj ^ >j j 

£ 

jll-aJ illLuajill (jUtalll (jit IjjjSJI .le-Uj jl jSaj US .CiUjjSU AijliUl L jjS'l lj 

O * 

lalAj ^ 1 * j* Jal He. (Jajj bjIjaj! CiU.ji aiLja LjjSoII JalAi jlojj. ajjuiUSI 

■(* ^''' , ijb* “Uj-J ^ cjj 'J>_JJUU H*- jA LjjSjll 

jIiaj <ilU]l oLiiiiijj]l jji LjjjS 5JU. i IjiSull (_5U- r l la-ill ^ «S^.ill 

t. 

jjij ^jlc. (Ja*j U_JjiJi_5 . Ijjlj Jij-uajll j-A jjiSll j£*l V Uj AlUl tlllil^ ill ^3 jl jiuiljall 

. sUoll (jllallj jjill 

jTUJ^LiJI ^>-lT 

jjjjl A_fiJjiajl :3jlU_a Jjj-llj ojlLUl 4_iJjIaJl L*Aj (JSLill jiiUiJ jj~ » jjla l_a.jj 

illljHj^Bj aLUJ joSl^luUI Jj'i ULall (_jjSi JjLajj _’j J. ■..' (Jail (JSUil juUaJ ajlUa 
illjla. jc 1-kiSll ja jSAi DjlUa jJall AiljlaJI . bLUI iliLliai (_gj U iS. i l (Jjia lllj (JSlllI 

. JShll (Jl*-* (jiuij V jSlj <xic. j a JSlill 
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^UJI ujUI 

~ia all Axuiillj (JShll J-^*- 4 (J«^a3 AjjUjJIj i_kJu^JI (_U-uuj ; AijjJall 

:^5"WI ^*LaI OjaMfLa ^*WI ^3jJal! -1 

(_jA a^Lc - jAlLIj- 4 !! q>Sj *i—lijJJI flL- 4 tSj CjlSa-i 4JLjk (ji f±J>JLud 

. aUJl cilSii (JSbJI aK.^1 jjJjVI ai_ j >AUk!l 


( VV j JjiaJI La£ Al a rtJ tli j (\) 

: 1 $jL**Ij oi*-* (j^i (ffj Jjiai, 


e 

ALala-ol! i_iCuiVi 

1 j^al 1 

^3 3j3_aJl iljLl£j-a jl) JSlj 

^_j jU^a-all f^ya, dLlJI 

r C-a-vIl oIaJI 

^cLajll iJSli 

‘UjVll (3*-=^ «.«jj ^lal 

■Xi-laJlj (_yiLa.ijlfr 

C-l3i^xu olx« 

jji _jlJaLiill ^sliljj 

Ajj£ (jilt jl /j CaJlj 

t^ii Ml (JSLiJl a " i ~i' CiLijj (jjSj *o-xSlj CjLlj-uijj 

j) ^ju^ljpall ^3 L_J^J j\ L-iy&j -j y A.^a.^1 ^3 c_j juuull 1 

Iiiolnll -uiJI 


Corrosion Indices 

JSLill jjSki aJLa jji *il] jj l^j olo-JI Ajjlj jc- dilj-uj - 4 ».iAi -■■' 

. jl aUJl Ju 


\ av 







®UI Jijj jjjjiljA is jSa ^. 


I — 

A ill l jA Lcjj <« Ia^AS! (j^Jj J£bJI djl_piy_* j j^ 'i -vjj 

4 (Aggressive Index- AI) jJLj_^j (Langelier Saturation Index-LSI) 

. (Ryznar Stability Index- RSI) jjjjjJ CiLMI 

jjic. ^j- U i. l l^ll Cjljjjj^ (j>* AjLaa, A 8 jli 4_XLui^)lI bLjJI j-li: Cjl__)jl^yall bAAj 

‘ “ * * 
t«u a j uaiiiVl AjjJI J£Li jl ljLij_uijj]I AlljV oLlxjI alajCLu] jl wLn-ull 

. l, illU ojjjo:Ia 11 jJa-jJI 


jb-aJI (jlc. ^jxullSJl /y 8 A-iiSj aLiL LjjxajjJ oL^ll jlajLLul jjaia] 

^lc. ijjaJill |»jii Ajli (J£LAi ajj^Lallj bL^SI (JLl^jJ £l«l bJj^iLaIS 

Bjjljll olxLujjall aILs. • Lfr^-ujj-A oLlJI ala^im] jj-iiii eUil ^yi ^jaaIISJI cliljjjjS 

( ji j-^4'^ a ->. j *< i Lxl (J j»■». jll <iUa ^ya J1L dll a dy* 

,j '..ilKU l n . ~tjf\ . bLuII ^ulali AiUa fljljj AildaVb jXuiIjaU ^ylilall jlalll 

. Ajjlx«il Ifljia 1 ‘‘ l ^■‘-J 

Ca ++ +HC0' 2 <-> Ca co 3 + 

t 

Ag s- J^yjl (Jc-lflijl j»aii aJU. ^yi Lai Ljliluijjll Cldaj (jAAjll A^a. (JC’liill j»JAi aJU ^yS 

ale- . (JfUjU Ado^pt-a LfrjjlftA jjj ^ylli ..'VI dljj p-A djl n m^pll ^ydbLil j L-Jjjj jli a jll 

* 

qa ^jjjJiSll ajIj] ji l ' ‘" i w j V Ajla ^j-udliall diljjjjSu cL»H j»Uli ^.uidll 

jjjji (j-lc- < A3jjj tLali Jji j»Jj ...1KU CjL^JjSLl j_l£jJill Aaa 5 . flJj^iLall £tlaaji ^ylc. 

, Ajliali ^-IvLaVlj A-a.jJj cL«!l Ajjlaj jijAidiSli 

LSI im<U (I) 

j_uLi ^ylc- ii ^ LSI^pijJJ . flL-a (JW-* i_5^ LaljidUiil y^i\ jA J-ijJlll IjA 

jjlc. Ja»j ijjl\ ^jil . j.jx-diSlI oljy^ Ajljj (ji ^jll 

^ yllAJ J.IJA die, . (pH ) j ^ldull ^yilA.JJ^li ^3jlll 4_4 JJU jBji^iJlSlI CjUjJjSj C.Lall 

t 

. Aalhli aJjUJL LSI i_ 4 j»j _5 -jwJKU dili_jjjS3 Ajial jl 4 _u ^_y CjAaj V Ajla pH s 

LSI = pH - pHg 



^jLjJI _UI 


aLU-JI ^jbj ( *jii 

cLllj y- jU (_yi AiUa i i^uajj^ ^ic- iJaaj^ Ah j o aLail jLa gj^a LSI Ail a 


.pjiJlSIl 


. <uLa!l ^AullSlI djlj ijjjS L. uAjj Aju.Ua jj£- ahJl ^jj£j ^ji^a gj^a j,«.^al LSI J 
. VJ UjllUoJJ (jjSj "i (jSlj A.ajn.a aLall QjSj ^)4 u3 = LSI aJU J 

'. Aj]bll CjULuI! jjSjJ aJ>L LSI i- jLuaS 

jajJjUlS Ujli_^JjSS (jil AjlSJl Ajjlji}| 

If,\_yalA <jl.lUI AjISJI 

SjIjaII A^.jJ 
■ pH s £aUj 1] (_yii4jjAA4Jl fijl 
aJLII aIjIjuSL L^jLuCb. jUu pH s Aaj 3 
pH s = A + B - Log (Ca ++ ) - LogTotal alkalinity 
^jAaJlSJl ,jjjl jiSjj jUJJ^jl (VO t X £ ) JjiaJi jjS US A j B CajUII jj-« >IS Uu3 

. (n) JjAaJl J US AjKI! iujliJij 
SjljaJl A^jJ AJVJj A -jjIj AjuS (rt) (JjJA 



^0 SjU^ii ajvjj 

A Ajj'u A-uS 


f» a SjtjaJ) 

A CuU 

j* e 

A uulii 

r* 

M 



T,1 

£• 

'.V 


£ 

T,0 

o * 

\ oo 


A 

\£ 




\ T 

r,r 

v 

\i 


'it 

V 

v> 

',Vo 


T • 

V 

A* 

\, \ ^o 


TO 

T, . 


'i CA 










flUtl £_i J Jij J±ui IJs jki 





cjljjjjii jii J Aj^liJI j! 












JLill wjLjJI 

A jLm 41 [_1 'V ^ jl] \iila 4aiV 1 ^^ajL^u^JI IgJ jy\. ^ 0 L 14 !^J1±4 

_J JljJ* A A .jj,,.1KU 

J j ^Ij^Ln ) * * ^jiuill£ <jjli]l 

_J j ^l^ain W* 4 jIaa!I AjISII 

■ * 'j -v AjjliL# CjbiSjj J ojl_^aJl La.j. 1 j jAa.jj.liJl CjlujLil (jjVn c. 3iJ J 

. kjjlill <llajl alj! 

f°r° SjljaJI J-jJj A, Y Jjll jjVi ja 

i» OV Sj Jail A, * 0 jAa>jj.iJl Jjil ■* \ '«ll 

t^cjliill ( aJj£ij (YA iXO t T i ^ JjLlaJI JaV'.uI 1 LSI L_ilui-k CjljJai. 

^ Yo 4 A, Y = pH 4 ' JjVl *UlaJI 

pH g = A+ B - Log (Ca ++ ) - Log Alkalinity 
= 2 + 9.81 - 1.94-2.04 
= 7.83 

= LSI = pH- pH s = 8.2 - 7.83 = 0.37 

^ ®V aj J»JI ka.jJj A, • o — pH C' ij-k AjjliJl AllaJI 
AjAAc- j. OV Jl AjjIjJI klLaJI J oliJI ClAa. 

pH s = 1.45 + 9.81 - 1.94 - 2.04 = 7.28 
.-. LSI = 8.05 - 7.28 = 0.77 

: jYl£ Jl: AajLJI CjLluuvll ^uhj 
wjolujj Jl iJjA) eLall ', rv = LSI JjVl <llail 
AaSIaIIj t_uujj c-Lall *, VV = LSI AJAa. LuLIt *ULaJl 

jjAalft jjalc. jwajJ ^LJl (Jlixll 



aUJ J-i j j Jflj Jj^ul ya hjlaJ*. 


t t 

j_j 1^_&j LSI ^ a jl_>aJi La>jJj j»ijll (_J.1 a jA JjVI 

• ^jaH l*4*iiLa j_yj <ajll La»Ul 

0 * t 

1 La^ i» T 0 .lie. l-iA. AilSj A,8JL (_LuijJ jjl jj$AJ oIaaII (jl 

% 

. ai^LuJI oUaH AaJo ii ojaiS CjL«£ 1 ■ U 11 !^ 

« * 

Ajl IaS L o — “l, o 'j^-jj.ViA (_U ^ -« ^ l_LuiliA Aj! L~AL,V LSI ^aija] Aj-l-i. ^_SwjJ 

Aida (jji] ClVLal^] ^jAAnj ^-3 Aj ^Ulwjj . AaJX. (jA (J£ll]l CljjLaJ Alla UuVI La i jj 

- ( « « 

.(JSIaII (ji - 1 ‘' o^^Ua ^jac. jl B_^uitiA iJL^ 0 £■'“ AJLa*Ain] jl Ajlaa. 

(AI - Aggressive Index) 

AjLIj ^jjx.A jJA—L^JI ( _jL- (jAJ—a _jAj LSI _^uja! lull ,1 «a (J£ai A_liIjA_»J1 jJ^yja 

« 

. I^AAuLuAl ^)aLja)1 ^-L- aIaaII AAj(jAJ£> JjAij A-lAjJ ■ A j-lj lfll >-1 jI j jA J—t 

jjjVlj (AI) AojljAxll jMjjt (—ijju 
AI = pH + Log {(A) (H)} 

^ja*J1£ CjUja! /(iIjjJa AaISJI Ajjlall - A Cjaa 
^ja*u! 1£ oljj»jut = H 
. e-Lall Lf iAa.jJ.ll$Jl = pH 

: lj jVIS AI jjLj 

*■ 

AjaIjAC. oLaII (JjSj \ * jjA jiu^\ AI 


AajI jAall aLajjAa sIaaII (jj^ ^ ^ — ^ * = AI 

f 

AjjljAc. jat, bIjaII (jjSij ^ • (Ja AI 




yUJi 


:<yYl£ jjLjjll Cut£j IjLqi a sLJI i^ya <UC. ‘.JILt 

Jjj /j»l jaU nr = H tjil /^Ijai. m = A<V,* = pH 
AI = pH + Log {(A) (H)} 

AI = 7.4 + Log 199 x 153 
= 7.4 +Log 199 +Log 155 
= 7.4+ 2.3+ 2.1 = 11.8 

• AjjljA*JI AjarfeLJl jjoij (Jliull lilA I j2 
(RSI-Ry znar Stability Index) (I - A ^ ) Jiw jJ j±jl (^) 

* 

&lj (LSI) <Vil1 j jliViV jjiy* JLa ujULj]I (jaij - la. luij jjiyxll IilA <^2 

* 

^uajj AjjIajJI CjUa^jLJI ^^Ic. a-La Jax) “Ul Jl LsLloYIi AJLill aUjuoII 
^ JSall lilAj i_)L<-il1 (JSlill j\ AjLtaJJ tlAjOuijill 

RSI = 2pH s - pH jjjjj 
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loLali js'uil ji 4 jU»U uiLimjjJI jiajj jiiij Jijjj) Ci\£l\ ( A ') <3*“ 


(Ryznar Stability Index) CjLnll 










^lill uUl 


:oUU jiJJLZl <LJl«o* £I I oU»itl J&\ - <~j 

t 

(jiaj 43.li <jjU-»a 1I AjjLaj^H JjJlaajl (JaXj 4-v i -s. .^-.U A-LijJaib oLl« 1I C1 k *' X C> Jlikk 

(jjSj alxijl • (JSlllli L^ia^c.j jiLlJI *-±£-ji jjJUj ^ Ajii e 1_ls. 1 I 1 L 0 jIaa ^>ijJ (jl 

__ » * 

Ajjlaj “l Ja' j»ij ljL »Llo 11 'Xjj »3 .. 1 3 "'J <~-y i u (_£_^V 1 bn*" Ajjljjx. 

jA£l (jjJJ^JI Aj <n^l ^jjlii (j- 8 (jJLc. iSj-'l ^ oj xI a £ * jjA J5I 4 i'n 8 Via 

OJuu^l jjjlil (JA J AjJLc. AjjlSj V jj-ldA ^>ij Cllj aball ^>C 4_ljl jlc. 

(^ju*j aULUI a*j alUi Aj^jj ^^iT a ^U .* a fh AjjLc-iSJI 

. alU oj^Ul jojIjlaU l^AfijUa^ 

C « I 

<JjO-xll £*4 y-* «La!I AjjljJX. ^jc. Jjl eUatV CllilC. l_xlj JJLall 

ulljl^. (_£JLA 1 8"A^1 1 4jjl a J^ll Jj]l % 'll) (JUx-J <JjL0a] ClliAX .iVl ^jLj (j^Ij . ^TV) 

. JsIjJl ^jl_jij (JSUJI 

jjJl J*$ uiUjaJI iijj AjjikAjl JJIajII (TV } jjia, 


,»UH jjS CjllnJI Jit 

o'a-ftli _) Miao 

« 

ujUjjJI JlJwI jKx 

JJUil! 

> 

CA 1 j A ux t 

( a-a ^Ull (J^Lk aaIja * 

JiL* 

. (jSAiH Ja»-*j ajl 

4 iSJ -vjl oLt^ll 

<uui d ui 

y-jikjji 

aiSja. oLlaj 

A Infl ) j 'ja CjLnaJI 

o\a *11 J*^ c ' 

A>" * 

LjUljJj££ A. 4 t— .6_ A 

J-A jf\J \|< J -il ■ *11 ■* 

UUl _*VI * 


no 












oLdl £-tj j Jaj Is 


dUIl *Ujl J»Ur | i ^ i ftlt OUo J I J^V ^Ol^II 

L>® Cj 1 )j »l l Xa.jJ £jjj-Sll A^ \ '■< Jl Alkl.lJI eLull (jx iJlilijjtll Jl_^I Jl A_aLuaVLi 

.ajM ^LVI 

. AjIJaII Aj.lij]l jojiai. jji A.ii.'i-v <i JaLu £y* £jjjill Is ijxa. J a Lull 

. Aal_jjx Ajiij a.ic. /jho a Lull 

tillfrluull Jjj 1» t~t (ja a Lull 
. ^jaII J ejl_>aJI Al*,jJj Jaa.jj.lJI JJ CaLuLi 

jjruil^LSj JTWI JLUIJJaJI-.s* 

aj_^Lall ajlu Jc. <■ LL^ll 

A.1 c- jj j JShll ^Jc. i—i^jxji] tjulu Aijo ajj-wLall (J^lj Cliliiui^pJI ^jc. <■ a.nOI 

- * 

^C- L-fljJ«-j 3 lj tillij <jUjxJ 1 j (JSLjJI C-jUujI <j£- I—k^SH L£ . L_kjjiaj flUJl 

. ^^OuJlSJl (Jii-a JSliill (Jr* JliililJ J£hl) 

t * < « 

. A * .M il jl < r ijj£iHjjSLu!l t a,^11 aj j J -!'■> ' ■■■'; jl jjjAall jjaib L-LuSJl ^Lj 

— t 

jjxJU 1 $jlr. i_6jjilll li " ' jll (JSljJl (JlSilj Aj^»_uJI r jjill Jc- L_iJjull ,Jaj 

t X 

. ^j-waLall J jl AjLjjluiA 1 LLS Cj^LaJ IgjjjliAj AjjiJ-^jJ jj*^a ii.) jfLu Lo£ . aj^aull 

C 

AjjLfl-AJ lilljj jljull AjjLaJII ^LJaII (Jfc I ajj-ill ^y* jLoJ Aj«_uil -Ia A 1,J 

( t- 

Jc. i—aj » "AI 1_1jS^ujJjS-ujV I »'’ t ’ 1 AU IaJS . ii jJjla jlI jaI AjojVI J£u Aj_ui VI J j- 

f. « 

jjd 4 jiilVI ^jalfLuL ,’; ]Uj 9 £ Ja^JI illaJ AxjlVI ^jaliol tJ«LsJ '"lia. AjjLaJ^JI Clili£j<all 
. aj_^u.'lu 3 l ^Lvui ^ja AjjC- Ajlj) AjjLoSII CjUjial! i Jic. i_ijaill (jSL#j lilljjj . Aijj*u 

LjljU-lJI Jl £>aill Qj“4 ^ j-j iC - t—*J-*-j]l JSl—Lu r ->la« a jLi ^Ijll (jij 

.Cj'Luiill JM AiiJI 


^lill wiLJI 


Rare Measurements: JS'Ut Jojm (\) 

sjj_—LcJ'l A ~i j »1 (jjjll ^_a ,j a til a a^j L. 1 _ a a °jjL' lJ^I—J 11 * •" } fl 

(JSbJl j-Lii (jc. _>uu ■ ajjL<u£aIJJIj (CouponWeight Loss Method) 
jl j»l—«JI ^j.3 Mils jjAnij (i*^^ l ‘LaxJI till jl^ ^l*)l 

*, * Yo£ = ^ *, ♦ * yoi = Au-*^ *, * • 'i j-La S-iaJ MPY L«jaj (MPY) 


(A )) (JSi :&*aJJ j j yi ^ JLAdll AJUjb (r) 

JLa^Jl J ^<ajjj L-tiaiij OJj-mLJI (j-a jl S -1 AjjX. - 1 *- 1 ■■*' AijUl £>AA J 

. ajj^oiLoll v. t.^VlA J ojlc jAj ^Uajall 

A a do Alljj .1 *jj 1 .1*jj <Jj2 <— iliaJI (jul >n ^jIjjau A'lixjI ^juUlj 

.JSlall 

AjibJl aJjLcoI] l 1±L fUl J (J£ls]l (Jax^o Jl Jljvij J 


Wxcir 

_ = (MPY) ^Ul J (JSUII Jjul* 

DAT 


J^aaLalll (j_JI J = ^ 

YJ f{\j^ AjJI Aili£ = D 

^A it^-a A • -~1 <H ) A j -v L .,,11 A-^LujII = A 

A^Ub Jl^all cjjjull (jaj = T 

JuLi J 0 . 11 a. AiLJa (JSLill (jJj Y Ajj*]l J aIaILj (jubiJl AAjJa 

J -Santt t ~~0 t>j Ui^. ^ijjja (JSbll (jj£b La-lic. a.l it* Jl La^ . ^Dl J£U]I 

• ‘-r^lLa t>aj J Qjjll 

« 

(_(jja lllajj J.\,.,~> A (j j»j jji jjXxJl jjJ X * (jaL±i)l L^-il A_fijJJl 0 . 1 A b Ja 

1 J ' ■■• i A oK a L$j\ -1 g i_j ' <~-j A j a j a ■vll A^ulJI A,~lj-n.il A -illiSj A 1 J » a JjJl-uU 

JSLi]l Jjl a -j aJL^ ij_c. Jl lS- ' 1 j a 11 ^Li] JJ* Cjsj , ^ > »-i...i.' ^ 

nv _ 



oLlil J Jill 


— t 

AjLaVlj IjA .jLi^VI oJji ^yi (JShll J.}a«* jji jjjuII V (jAj . c^ykiil jl (jiaiiiJl 

t t 

1 bo Ajj^xll J ciJKl %VI Ui ArtJ (j.Lt A\ J fl &II fj (jl ZjSuU A_j| 

i_]£IjJI ^jljj AJIj! ^y9 lilliA l . cLall *_>a Jc-liill i.ii nj jjiJj «.Ulj (ejjjjUl 

. ^ ajLslI {ja i^yaaj Alljl ijjJJ 

J^il£ A ajjuLail ~ qa 4.1 j all £ja VjJ ^jLa-WJ t*<J ^ . (jnUiU aLjjJI 4JJj]a]l 

* 

“Liliana (jSLal ^jS ( *iilLall oj Jt> £aloj jS^U laSt A^XuJl <_yi ^JaLall £j1oj)J i T n % a j^jLnil ^j*a 

* « 

^JAaxII Xuil Jim a (jjj m 1 (JailoII ^yS j »ib .. AjllkJ elxall ^IjiV __>jl jl t~ •>. V 

‘J04-4 *-^ c ’ (_ff^ -IS L>*j (jj^J ^il^ 4 AiJjJall aikj 

: AyUoiJ' ^li ^t*U3 jj jJs (T) 

yu. • ^yi (ji (jjLyi j^y 4 j 1 ^ j^j ^jj 4 • j ^^ic - 1 q *1 

« f 

. turn) 4 aK^ dulS tj\j oj^->Vl oiA jj-a ojJj£ jlict 




t C It 

X — Y flikluL) uix 5ijJajLi (juLd oj$-i.l ^Ijjl JaI 

t — 

ejLall ( jai3 -j-» ujlkEVI sjL# £-i~taJ .12j . f UJ| (J£h]l <J.1 *a (juLll jlgjj iL-ala <Uj.lxA 
* * 

t'lA JJ jl „nJl (J1 Ti all Jji i—lLLa'yi si* £uaJ_jJ (ojj_ijiLa]l ill_ a j MJill Ci^l 

,!j %1l sllijj ‘tub! ( a-ij l_i2jll alLJI liidl ■*'"■>■ jaI ^ji sjjuiLall 

. ajjMiLoll alLa (ja 

■Ol iijlj.jLA.all (j-exaiuj <1jA£.j <ji j.j.a.a (JStjIl la j£jj^^ll (JuLaII (jaajL*aJkj 

A jLc- .ilSi £j . ^jiaia L ylc. OljLwll £*3 jUJ ‘ * 111 a -1 Ia£ (JSlii! Jia_a ^jic. ■_aJJ-ll (j£aJ 

. ic-jiuj (jtUiii 

< ft t 

i. i» wTij <jl LaS ( 9jjjjL»H j.i*a!l J'■»"' V Jii iiUaaVI (jl j^-S :l_j^jjJI LqI 

(J.l*a laiiu tlaAS (jjUlaII <Sjj)all si* ^ t aiml . <ajlia!l , \ jlaj c^Joill (JSlall (Ji*a (jaljS 

t — 

LS lc- (Jj^aajsil sj_^_i.'yl si* ^liaJUaV <jlc. CiljLg_a (-ilkij villiSj Cl2jll ^jic- JiLjll 

t — 

A° (At ( AT” (AY ^9j (Jliuil JSU1I 0 *^Ia (jiaaul jjaa • 'j •* 'J*" 1 j ^jljLull 
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CjJLjJI «jUII 




:«U«ULa 


^iuajl ojLJ > ji "i a VI i td]jj (JSLj ijfA ajLaaJI Ixij 

A-1j!jA£- ,.->j _> a i l.~ IJ ~w. ( JJxIa1|_j ^jUJI JI.VaII £-4 L-lulljlj ^Ij J ' 4 H 

t 

JlikJ JM »iA 


^ A j ui V' fr]) Lj1*l jIaIC-VI AkVl (jA 4 *yi 14I] .1 j %ll f -»U, 4 rtill lil ]3 Jj 

Jjhjjl ^ ', j -%11 A.Jlul' olx-lj _4 lillA^j ■ (— Ij 44 ill J (JSUJl Aall -J ■". -» "'A 

<Lbj^a j j aJ Lu ij (Jj A^Jt IAA Ajc- (_i£llll AjI a,.v 1I Cjlpl_>3>.J (jj-AU Vj . ^jAlaJI 

*■ — 

. AiUjj _jl AAa AaJI is^" jJSLill AjsIjaJ JjiAoJI 


1 fr*\ Inml AjU-aJlj j-Ual^jall ,^a>jLaJI ^(n iiiH 4jLa_aj| (J£liil i j r a 4jLa_ail t \ jia 

. tJSlill {ja AjjAit«Jl ^jawIjaII AjIajJ Aaui AiA CjljLuC-j oLc-l^a £.4 ^lA. 1 t'l 

: 1^1 « W> jUtl 

. ojj4uL«!l ,-»iua .\ e-Ldl (JL^aji «.i 4 I AjIa-J) 4 -.Ui'll 

. AajIui AjjUtjjJlj ^ JJaiIja] AjJSjj 1£]| AjLa_aJl 

lajljAiJ 4 jU«-'ll 


tin i)Vl «Ul«^ 3 ^9 

. AjIaaJI jljAJ Aalailll 

. l_)jai]I oLa —Ini/a 
. (JSIa!! l-'1 L-I '.A.'w,il 


wr 






:4yJjdi j+m»\ jit Jb jJa^- Jilli jA JbdJ Cil jlmCYl - I 

(AV«A1) JSLi 

jjJl AsLtaVU (j j U .a 13 (JSLill (j* AaJI J,c. (Jm3 ^j]Ij A^jjuJi Jl Ail j^allaJI * 
(j-lj^ali ^Jaunl J JaII ji.lC.Vlj i_lSl_jji]| Alljl £-lajVl Ai^jja A A.jLall AjjIjaJI ALaljuJI 

. Aj-a j 

JSbJl jjfA A "kj ^a 3I Jlill AajAjuqII Cji*LJbVI 4 a^j * 

S^VI 

— f * 

(jjiLaJl jJal A -a t _ liVi i <jl> jll Ajj^ ai t aLxJl ji Ajjlaj]! j > 1 ^J_G. 

® * (jc. Jjjj JJj£ V > t a ) 9 Jlja.j AjjJl ^ AjjLal* jiill j jLlaII jUaiil t lla'u liBjj 

AJ (jJjtx (jx Al»*ujJLa aIuoj ^liiLLul «(jjiliuallj JL-ail ^^ic. Cnlj^jSjiVI Cl&D ^J^jl* 

A 

. (jjla-dl a!& (jAJ iiiL) jl UtjJJ iuj Aljg tui (j^Aij Jawaij-X* . 'L j % 

j»LiJA]l J_C*L>-a ^IjLa. i.jl aJL*. jji tiUjj JjlilSJI ^ixui J_l£t JjiVl Jji.j «Lc-lJ -4 
jjuLiVI (j-l*A4 (3-4 oj-lj UaLlj Jil (JjAX»jill jlj-4 (jjSji ^Laill jlj-aj ialjjM 

. ^.LijJlj Joljjli jAaIloa AasI^ tCibajAAllj Jajj^i]l (Jjc. • (j<J>jJlj 
c_j j .a'i^'1 j« JJ c*B jj ■ (JjIjjjiILs a^jLajtll CjUIJ^aJI ^ t_i^Liik.i AjL a. A-iiaT) • 

• ^Ja-uM jUaIU ^)ikT (jJ (3^ 

c 

■l^jj* ^ > l Jl *,1 (j* ^SauJI (_jS slbali Axj*u i'j )|Sj (jl slx-l jjt • 

. bLjqII ia_^iail ®‘ ' I I (jc. Aiiiill ^gS (JjAall -Ijjj V * 
IX^^u4*l** (Jj 4 (Jal jUaSVi jji ljL-siJI jiuiljiJI Cjl^MalLj (Jiuajill * 

(Coatings) :o jj-aIU jd om A U h i ^i JJlsIl Ja auU^I 

; j2jJ (jl ■ '■»■ ' AjjaiJl jXjIjaII Aj]ajdll fcllU «a lj<alt 

. aLss ja (^1 ^jic. (^jixs Yj «■ bj^Sli aJjIx (jj£ij aJUJI <* jli«ll • 

t 

AjUaiS 1 “'* SjjjAAall AAXj (jAjuJi ^3ataj (jU^silVI 0- ' . j - > t 'j (jl L >> j * 

.(jLodlVl (jAuk&ai 













dLlil £-JJLl jJ-Lul 


iUi-l aaJsu ^Jaidl JJ jjjdl {da *J jt jlcVI 

JlJl^II ^LuaJilVi ^jUa-uaJ ^lljj AjL&jJI A_tila ^1*LC»VI ^JJ 

(Jjuuaii ^ciaus * ^j^jiuaII gla*n AjiajJ' 4<i llal 

. aLujjs ^ij'.VunL SJlILc, jl AjjjI ^1 AJl^jV ^laxiil a jju^il • 

(Pickling) :djUj^iIl <iljl • 

Jljj ((jjjUll (3-*) CjLtt j V *a H j 4 -lU»^q] 1 CjjJ^lli \ £ 11 J )W\ Lsuia ^jj AlljJ 

• ( 

aJU .(Jjli (Jjla^a ^ Q}U«ViHj Jljia j_jAA]lj AjjLill Cijjjll L*l Aj^baxll CjLjUIi 
; " '1 a U. m Jjj % a _JAAJ kill jj -Lvit*a>ali i. ~ajb nil - 11 S ~ - J -i /li] 1 A»j iU A&jxji |»Ac. 

*. tji-i n II ^jj (Jjla^sl! Axj_j ^Jj i»-±;a-a + AjjLS taj^o 1 (_sjis + 

. CjLajt 11)11 Alljl (jlaiV-tl LaLu (Jljj #.LalL 

:L^I Alljl • 

c * t e 

4jLa^]} jl Jji A \K \ >1^ \Ail AJjJljII tilLJl oLuu^d p-*! ■ ill 1 1 \^\\ (_J|jp 

« f 

^jalx-a!! £Jomi ^ic. Ini iVfcll CiaJ jl f.Lall i_jLnall CjIijj a j\ JLujJI - ' A i~'j -v 

* f 

L5 Ic. Ia^. ojflL^a ujlfrjii JjJiajj louall Jljj l_i jL.VI II^jj . (Sand Blast or Grit Blast) 

. tLalL (ja»<all ^Jaui Ji.aC. ^aJJ . JjaII ^aL-ajjVI ^jlc. J-ttJU LaJ ^a£-ljll jjXa!) 7tl a*j 

Jl ^11 iUil HJs -X 


t 

A ilaajll ^jjj AljjiJl ^Jl A&J ^A^Uujj (Jj^pJI Cjlfl"wi<Q A-vl ^jjua_p.jill 

— « 

. AjjV! l q >laJI Jba.L (jx«JJJjlb ^1-nnl 

tiljiij ojj-uiUll i.- i> - »J <j 3 lui Aj ^ #J_^«Lall J-ai-J * 

. ^b«tij Aij^iajl aJA 


WA 


OJLU! oUll 


ali ijjj-a. JjLul (jAAjAJJ 4j U-lLLtt (jiajjk SjJ-uLoll JJjdj killjj JVI (Jiljll * 

AjLo^jI 4 a Aijail aJJfc - '•> ''■ » >j . t-lIjila-Jl iAl*.uU Tail— ajj^uLali ml AjJaij!l 

. (JAaII ^>A jll JAuil (j-ijldl ^tliuijl Jc. 


j i ,.;1j e.j 11 *V 1 AjLsLuj «LuLu_jjJlj * j"'i * ■"VI j I ,.'lj Ji jLi.l] aLijill ^1, 

t t 

sLloI Alslill j_uj JJI a]L». J ‘U^aLkj Aaiu ^jLaJi (ja jl jrjLall jj<a (j mjJLLui -'^l 

t- 

. sjJjJI CiLa.j.1 g-Ujjlj ajjhl IJaj aluJl (jlia Jc. (jAAjjlill Jjjj i~ijv L_iJJI 


» 1 a A■ (Jj-Cj 4jLa_a> a a iLC Jj-Ajj j, ill Jc. ij jj-'ij j ^a. ill Cl1 1 li'u.* Jx jliljSJl 

f- 

c£lii£j 4 nUmVIj 4 jjAxa1I ^>A-iIja1j jjjbjlaJl jlA.il] a!j jmll Alla. Jl jj-mijl -1*J jLJj£]I 

Jai^aui Jal u la»ldI jlA-llI ^2 “'j Vj ■ -_ £j .<a1'l atj AiiljJI ^AxjIjaII jJaIaII jlA.il! 

jjjj J-U - jl_J[jS]l u _3 a.i(Jj'na'l ojLi £_a jjlSll (JcLij L—UxoJ till jj olj-a 

i—ljiC. Lai A\ ... J| AiLaVLl al-Lal] AljjLajjC. 4 _ajljj Jax < j (jill Jijjaij jjlSJl 

e 

jlutiVI A ~> uf») Ia 3> ojUa j & jAi-dl Aic. l*i» ,i‘u Jill Ciljlill (jl AamaJI jUIjSJI 

t- 

. Ajlijll CiLa^a ^lAaCilj j jl a-liall Aj^jll (Jia A^ajvUI AjLJI Cll«.l_^l Jit ‘ lUall Lu 

% 

o^bjj Ja •> iVj CajLLall o.iLJ jj'iljjl £-a jl 1 £a jliljSll dij 

. Aa^I A_ajliail 


aXlc AjLaAk < a 'U*\ a«.liS (JaJj AjLiI! Jc- jl jykLall Jc. a ^ %~Luj jLil jSjIj 

, Jl£]l i.^I a.iJLi jjaII 

jjLJI ^Ic. ^jLLjuj Aj l±iJl J*_aj 4 1) jllj ^Uajj^U ^jLLa 

% 

, (j^xall ^Um1 JaaJI (jLrtjlVI £-a liia A jVillia <1 (jV IJaJ JAuiIjaII 



aLiil pjy j Jaj jj .b 


'w-iLual! __^ 1 sjiI_ja Aj Iril ^ ^ . .lia. Jjlc.j CjLjlaJlj (jJaLta.!)!] ajlLa ■_ ff Au£^jjyl 

{ 

f.\ -k Lm j . (jiajVI ^la— Ciaj j_j_ujl^ail A_Ojjl£jl A_j_a..jLaJI AjL«_aJI J-a_C Juc- 

JiC-VI j»L»j Jxjj . ClLlUja. jjjmui jl t-iv'l a ^l-Xa.") mb JjUIl ^JlC- LS *&_yxfj\ 

jjll Aa jltll i^Iaui JkO ^jla iUjill i A~' ...l i AjLtaJI 4 a < 1-. oj^uiLqll ^ '. '. a- 1 1 

oLia! Alsljjl l_iLa11 AjlaWlj Aj-a. jLaJI All a all I - v A" *.<jj j 1 .» j t. * , 2 

* 

A_fljLui ^uJ^aAI AjlikWI AjIa^I] <-*11S £j . ^ ‘■fcninU i_flj—aJi aLa jl 

jJjL) ^-£ .ui^ttll aJiA *i *Qit J 4JU. ^_3 <^113j s j-n a.iVl j^ ^j| A_*k u..4_a]1 A_jjLuj jJkilj 

t 

_^iuilj>i] Aj-ajlaJl Ajl a all jLUj£il £A ^.m-S^VI ^.' a 2mJ La_£ . oUaII j)A 4 all A Jl jjVI 

t 


. (jJLjlJ) ^ j- aA Cl Aj^Lh Jl yA A_iIJ Lsl >n 4 cjjXfillj ^,uj I \ a *2 SoLc* 

djj^uj LJ I jjJjtuiI J£lj i"< V ^ v^ A i 4» tUj AjJjjI /JjSj <jl j A^juiibu!! AjjLoII 

£ £ 

J; I yAj \A 1 j ■ ^ <V1 • ’’ ■ ■ ' IJ . ^jjSjj U I ^ 1 j (J^aLua^l V ‘ 1L ’-^^ ^3- i A AhaLuj fjjil . -** 11': ^ j 

St — 

!»ji‘i«.^JVIj AJJdJl Jl_LuiLSI ^ySi AaaaiiI] A.)>.u a ^)AC-j iliall AluijJL Aj^^jI Aj j1a!I 

, »j i‘'li '-'11j iJjjl!j 

.1 'i a •; ,.,i cbVLa ^yij Jiti (ji jji n ^. s , • a i a nj jls 

. ^l.ljy'utVI (jA AjUliJI CjltljA.] jLi-3) j»jlj t _ s -uSjAi'yi 

ijstf.J Jjl-J 

(* ^ ' J A ■ ..~i L - iLall OJjailUl ^i-ym J_ylc- CilxUd. JStjj A l < o j 

4 > A i,. l 1 f cJj-^ 4 il a 4 b \U> ,_]< djl j J j all i—1 j Ju ^ i. ' - ''T - 

j ;'mj . Ixa 4 aKsi 4 _tL; -il l ciLLx. J VI uUI (>aiyj . (FlameSpray) fjj\ j—all 
aAlJI (Ja)_j»1I <_1*-®a Ljfi-uLilIj ^jLajSlI JSIjIIj tJjijjll (jc. ^ejljll i t Fll j»jL&A 

. ai£jA OuuJ AiAjlia ^jU killjilj A*4jlaJA (j_^4 V Ailaiall tj£lj 

jjjLu] j] jl J_J^tilj-«ll A jla» ")] iajl J > u S\ (jjLj] (jJj-lJi ji ba 'i tti j j 

^ya 4 il jL,„ Vl (j-jijj! (_yl> 4 ^l - LoS .^jiujIjAll AjdtjLal! AiViiall (P.E.Sleeve) 




CJUJI ujLJI 


t- 

AiLuijiiji I v* jl <AjLu AjLuijiall Jj_uilIj-a! Ajl A.'.dl A daiull jjljjl Jjjll 

. (Polyethelene. T.lock-PET.lock) 

^i'l a-Uuh jl Lai Ajja*') j»jjj . Joa. JjLc-j AjLtuaJi J. lij3 ^ XLu jAj 

AjLtall I j3 jsAjLj-uiJj . AjIsjuII (_if3 ajjanLoll nia^i a j.-vil j j *’>■»•>- ~'l' ^jLj —jl Aai^aH 

.lajljjj Ax-li^a (ji . A numVIj A aQ« all jOxuIj-aII AjLkljJlj Aj^ajLiJl 

. jAml jaII Jjxjl 

S Jmmma] 

AiiujJa AxjlLa] j±u>(ja 11 A_iajLaJI AjLaall ■■ ■ ■'jl ‘ . i*«■■ ij 

7T l~i.nl JuaJI jl.lC.Vl UjV'L^ jji VI AjjUoaII es-USlLl (jjjusll Aihr-i~ij' /jSlj . A.lflll 

(Pickling and Blasting) Jpjllj ja*Jl 

:4J$*a£r JwJaplj a Jl 1.711 - X 

(Vltrous AiA.la._j olLaJ 1 d.^ll A ilaajll (JaalI Aj^CtajJl J-tili j!ja]1 

e 

. AjUauiVI ajjaIIj e-iLallj t *] >al\ >A >11 >Uiil^a] j^jiaul! tilliSlj Jix Enamel) 

JLaIjjaJI SjLu <jalajjJlj <Liaiu]l 

ejLoj (Na2B^Oy) (jnSljjjjlj (Jaj ^la %xm!j ^uli liL^l^uJl oiL» 

A-Ajliall jjijjl CilIaJ ^^aJu plj ««a)l 1 jmXl JIa jlg-iAXjVI Aaj J S.1 (Flux) 

c 

(JlLa (<_i3 Lfi_AjJ! ^JlX- j *LaLL*Ji ClUUo[j I j ullflll ,\ \ Jia AjjLajSJI 

C AC 

o jLtt UJj^J V JU-uilSkVl sjjfcj 1 A-LuiSl ji ill *Xpii£l 

e c 

. (jjbcJl *liwl£l AjjLall Lai 

(Pelleting) i a :j j *Ij ^ ^ V * * — ^ \ # * *j[>^ ^ja^.auj >jj 

e 

CjIjSIIj (J**j jjill a'i-wKa (ji CjIjSII jl ililurfcll ajaJI (^a-uJl ^jj . e.L«ll »aj__>iu (JjLJI 




oUll JLi 


ClKjLmj ’'J.1 -all Aj-m SI ^yaj * <-jl ,i'<n1 .(.Loll £A (Ball Mill) i » 1 D C)-* 

A 

ij-jlli jl jxjiIIj La) AaIasAuJ (_^iJ) (viscous) jr jill i *'..,^1 ^Uac-V 

. I ll>rtll fjjt BJ^uiUil (^jI^IaIIj jjAjlaJl ^jlc- 

* 

ejIjA A_a«j.} Alt (jj-ail (jl^l u* li>*^ f 3 |* sjljJw A_ajA ^ CJUAa-jJI ^ 

. ASaai j (JAaaII AjtuU O'L. jjjlaJ ) * — £ s Aa! ^ A® ♦ — 0 * ' 

* * . . . 

LaSt Oljlxll (JaLJI C.LJ) jlaJ kill i£j cllLljlallj (^bLa^^ll <ajUa Ajlaa"')) aAA 

t * 

AJaIj Jj_)J aj|_^uiLall ^jS frlixj) ^1 CUA A Al /l jU y£ (jj j-IC-j . a j)ij-aJlj A-ajUa Lgjl 

• cUaxl) 

. jJjSl) L ')■-«)) (_)iu) j JaLl ^aLa-id C AwaII ^ (^aliaJiui) (J/aaiJ 

: AmiIhO w#Vl aj^ll) ^jahatll -i 

A 

AjjaII . j 'I .-.11 ^jjt, A_uAaa) 1 jiul ja13 ^1a)a 1) (jj)ajAl] AjuauVI Ajj^oll ^AaJLulI 

t 

jjt> La AjLoaJI yA jfrJ Vjj 4jllx« AjllaJ ^JJUJU Aj VlA^uVl 

Aft * 

1 lj a j\y\ LLUAojV^ <jiiA-wiVI Aj_^Jl ^A^luU ■ J -*Sl \A (J^lsLil 

ilLa. ^ Jjull Cikm Vb ^ -v t oLi-fi (Jfij A AQ.l^k 1 au,A\ Ajbk 

0jju*iLJI ^jljj^ <JvLa> ^jJaJL A_aiki.l3! A jigji. jl . l_iJ- ill oLlaI Aiilill 

t 

L*ki oj^kiiLoll _ ( >la3 ^*~ i *lll a e s u ,-^I A l bBj, " jj . A jV'a .-VI A 1 j Aj.^,» allj 

Aiila ( JtAa j . (jjJ) ^Ajil |V» ) * * * -jvA ) * * jUaiSU \ Y ,^11 jjj L» ^jljb 

1 ->U,„ ejjlj (Joi J (j>*M jAjli oj^uiLa yl u a i tj-A frLjjiVl jji A j , Via »i V) Aj_^al) 

^ ^ J A 

j)j) ^1 l 'i.j~i AoiAjLA a)_^a t_y* L^jI AjLbVL A.iVia uV) AJjaII . AjjjVL 

jjJjtA ^i^uaJ k.-a i -s. (JSLill qa bjijjluLaII Jl^IaII ^jJAxaII J^ixuil] Ajl a a1 1 _>AjJ A-a U m 
^ yii^jjAj^il ^jll CjIa AjViA.a V) Ai jaIL AiLailV (Passivated) J^aJJI aJU ^ AjAaJI 

Aj_j<JI ^~|. —"' . AjLaaJl ji'J j L_lliA JJ*11 ^jAxaII AjbSI (jA AjLa^. Aiiia QjSb iAIIAjj ) X, O 

♦, £ —,TA ^ja CuaaiVI jjll tUi Aj«jj ^»->a11j ^ t ) A hoi (Ja jllj O'i a h jV) (_>* A jVu i n VI 




cJliJI uLdt 



A*!j J^ia (AA) Jli 

iic- jjjllaU] Sjj—i' uIj J^ia J£j 

AjlLoll oLlJI (Jij <_La-Jj . djulli i*J ^ 3 yji Cjjia, ^ic-j A^Laill ^».l£. jijJ IaAj 

f A 

.dill jaL a; Lj ia. ^Ll V ai«l AuIIauiVI 


Jail^ AjL^alt jl^lU aJojuJI - 0 

^jUll ^SXil\ ^l£j .jLaJl ?tixujl j^Lc. j-— "'I' ( _ f ill -kjlj_jJl oAAj 

. (PE.TJock) JjJI ^j^A (JjUjj 

iajl^kJl 1 lA j £-LiAjIj j>_Lul4 J aAAj 

i ^J±A J) Jill I jl ijMi ij±ajX±A\ iajlj-i <J1 a ^Ualllj JjhJ1 

At - e 

^Ijjlj (j —j ^jS j JaU-wall ^ja JajlJ-S iilliSj . a Ll ~k ^l_jjl (__yAj tly^) 

— t ( 

4 fl* ^JU La c*ll,l£ J . 4j]l jl 4jjJu CjLuSLa jl LjjJu 4ttirfj ^JU La Jajl^uill o JJb £_y q 

a 

jijj LgjU ^UajJb 4_j_a.jLaJl 4 jUi'i U iajljJJI Ja A. ~ .J Jic-j jjA. ..i'iUj j| JjLJI Jlc. 

, sjj_uLa]l ^f -1 nl A VaII 'll s _ c.N’ 1 J_*j ajlx- £3^*11 JaJl^}_uJi <_iLs_C- . 4jl a til 

A 

Jj ajlj-aJL U ^IjjV' eAA ^jaj ,'\ j-all iL-qJI ^JaxI^ja! ajLc. ^ \ -k j.»nj 

.jUulVI 



>)LlU J-i Jfij j-Uul^o .U 


sj^uUkil jlill U-U l (Jja /jjluj (y 4ia.jUl Ail&Vl :Aa1c.VI 

(jjUj (_y-lj—ill ^S . ^jJjiaJI _jl—uUl (ji* -ij—a>jj Jaj—i-Jl l!j— a. (JjUaj Jj_a.j 

ji jj <jSlj s-Uac- j-j mj V (jjhj) ^ J-. I,X J (Polyethylene Sleeve) 

t 

y JIL Ail l'-)j % /j^otUll (JL> all <U £.y ijj‘" " ~' LuLwl - '■ ^ ~' -'■ ' . (JjjtJI JiLo 

^S a a ^iUIj pltsillj ojj^uUI (jjj U ij-a j.j« .j-t ^ 1 ji jjjSil (_ 3 -tei!}La!l {JW-JI * *; 't- 
aUoll £lamu jAj . A_jjljXsiil ^uiUall ^Xc- j_3jj Ajl Jl AiUoVli 

(JvU ya alUl A_ulj.i£. .1AU j-i 1 AjJjc. t Qaillj eJj^Ull ( jjj La U -> J1 ^lji]l J] 4_l3 j-ail 
<£ui 1" !J -a (jlwalDi/l JJ^Lj J _u»j jAj o-i*aSVl ejLc. jAj JjVl (JSLill 

Cy* UL 1 —a.j ^iaillj j_lUj_-aii ^a^jLiJI Jjjii) ZjJjjI ^yJj_ilt ?£> ?-, ^-'. .uj . *, A 

US . (jjAjjjjJLi <* jLi’tl AJU ^ AjjUal AjU»»S ^ US . (_jjUjllj i’i y oll _>AjH 

. AjiiouuVlJ UiJjUI jiLL'l_^*lj AjjlA jjjII ^ AisU>J <jU AAjlaS ^ Wl.yj 

i_u*a Ajljl-wul (JSxu jjS (J S «aJj ^jjLa] *^L« £y 'AjIaJill Ail&Vl 

■* -.v.i^ll AjU_^iJl <UjU AjLuu^jjJi jjUUl .nil Ailw^Ull 

(jjjjjl ^y ^jUIjlSI qllaatll . AjU_ j )_iJl (ji y si ~iU (JaUI (y tllljjJOJ aJjj_* (jAj 
jj^ulj-o!l ^ . oUll Iaj j^cLill Ui..‘ilj oiUl 4 jIa3uI jijj PE-T-lock 

. LiH wvllU > Ul »U AliUSl 


; Uj Jail jl J 11 ‘ jufeutall -1 

Ujjjl (jjjLxJ jJkjll jl i iLUl JujUl (jxU 4 jU» 111 L$_j ,'|,>^11,J A. u .'. 1 ^ii 1 A-UUl 
o^jlj tSljjh Ajlnxtli ^jJj lL^Lu Vj JjjLS (jjSL Jjiaij A- U iu l b J_^jl j n •»j 


Ajljyb UJjj e-LLull JLc. Uljll (jXJUAJ > all jA jll a jj_*al«l A_j_a.jUJl 

/ya ) 0 ' (JjjLAj ojlj-ulLail ^ajLil! A Juat. ,1 ^“ I,> t.“ Ij "k 1 J 1 U 1 A_UJ^ S' l 


cdlill oUJI 


jyua A_a.l (jJk lillj) (jA»-aJ A jVi»"'U . ajj^iLall ^Lumll £yi £j_JI ^^Lall JlC- tiljjl 

j\ l_iLo!I jiujlj-4 ^jS AjAjJI (jAx<ol AjA_jjI£]I AjLajJl 

: JJ jJU ijWi-i J $*G 

Ai_jla 1 JaT- ^jj UI& 1 j 1 J ij ^ JLxll ciL jJL J! A_Lajl_aJI AjLa.aJl 

AjjjJI J ajj^Lall ^1,1 a .lull iJU. J liUjj liljjJI Ajuia ,_5_^i jjtj'u ill ^^a AasliLaj Ajla^a 
. AjjljAaJI aAjAAi AjjjJI 4JU. jjjJjjj J^JI cjLVijj AjjIjA*JI aU.ij'i a 

aJjaaLoil wkJ Ai-^jt A.1lj Ajla'lAll AjUj-tll ^3] '..In a Art all utLJI ^^3 aJ_yiaLall ^ 

. iALJI ^\x AiliaJ 

^ t 0 » Jj^a jl flualVI (JiS La ajlAa.jA AiC. tiiijjl (Jjj.a.n a aj|_j*iiLall jjlC. 

• JS13JI Qji AjUaJI JjJ liljjlj AjAaJ) (_pa l iL<ajl /j3*-a ?Ja*a Jc. aSjuii Cna 

A A 

jl jjIaaI] A jj/^-*.H ajLall ^a uitjat ji A3 1i<i a J ( j 3 lillLS ^»Aj kiuU 

. (jIaa]] AjUaifi 

^ 1* Jl O* ji£l ajIjaJl A^ajA ^lijjl (Jlj AjAaJJ A }»« lUj ^_£jjjl ciljl 
l _y& tiLJI A jl ~ ■>. __il m t ( Jt Aj ", •all (_]£Ljj JljJLj AjA_ail A 1 <a ’iUj ^ A_*jL£ ( Jt (Jj ->■ 1j 

.JShll 

(j£. (j^aLaa^ll ^a 1_ul_j-£Ji Ajjj Vlj . i £jc. ae-Lli JLj VI 1 _uu ^A-a. J-ma]' iALjJI 

ajljJ) LJj.a 1. *, * O (jc. aj—jlaJVIj l ', X fj /I *, 0 ^jc. AjA_aJlj 7. \ , £ 

. liLJI JSL Ajjj ( uljxill 

A a /.Li 1 k^ljjl a a'U Aj l a ,-a, i_iaj AjLs ^AjilaJlj tiljJJlj AjA-sJ! ^jAjul A jU»lU aJL^, 

- A A 

A,a 1 L 1 JSlj (ja ,1 aill liUjj ^A_la.jLaJI AjLajJI <!La J LaS j jl (j x 

ja^r- aAljj jl aUall A^.j^ii ajljj AJLa ^^5 ^Ualj-aU AjI^IaJ! AjilaJj t*i.\ -aj ^Altj t-LJI 

. aLtall 






Cathodic Protection :<UJ *uWJ*I - V 

c 

4jla^ll Ait-Aa] (jAajVI diaj Aj jSAaII jJaJj^aI] ^ i ^ ~i . A.Ojjl£3l AjIaaJI 

£ ^ ^ f f — 

^JliLiuiJ »^JUiA-uiVl AiilaJ ^JLjJa] jl -^jl^)-uU 4_t W4lll 

^Xoii^llj < * l\ x^ raP ^} J LujLwjI ^ *v l ^ llj| a1_ia 1I ^IaJ ^9 4jJjjL£il 

__ * < i 

^ia^Ai C . l ^J A^i j^ Xa l l <■ ^ ^jljla*iii l A<nail A ^Lnu^l \ \\ g -v *^\ 4.fl_>l ^ ^\ \ 

Ajl a %ll Jj-*as I n »j i l . Ajj_3Aa]| (_ji<LajJlj _^A_jj| J-1 -uiIja AjLaaJ - X adLut~ XSj •u*jVI 

— e 

IjjjJ ^AjjlS (JiVi (JAjlaM (jA AliS jjSAj AjAjjIS Aj ii. ;Ja*j AjAjjISJI 

(ji Ji>Sj a jjUI Ja£j AjjjII Culjjo£JI . 1 ,<j in ^ J^SII Jj-ua^all £a _^dl <ja 
j*(j-jJ X ^ -aI I i_£A)l j-& AjjV! (jXJtAj ^A_^jL£^ a ji^juiIaSI -1 it a ^jsi A £ ail 

. AjIaaII 


IjA^jaC- > J) m i JW aI I jl |»j-UA_ylVI jl dLjll Aljjia bXa c I l> 2XJ duLS A aj s . fl]| A fl^.I-dl 

* t. 

. Jaljj J_ LoIuaa^ ^-LajjIIj^JI ^3 aA-ft-C^U L-ijlall C’n \ Vs j_flxJ 

£a aA^L haII <Lij^jjS aIjaj Ajal^A (djbjjl) k_jLLaii IJIaj 


— c 

^iSn.iiI ajuj i I n 1 i OIaLaiaIIAjI a ai ^ "l m'tj 1 “J • "'■• .'.3 % jjJ AjJijjV^ >■ ilU<\ T l 

f 

. AjLtii ^>UaJ ^ja <aj\ 1 a! jl ^jJjiajI 


Laijc.j . ojjauLaII ^Jb^“ {jji AjjjIIj <JLw3a1a AjjUx- a j!^ ' {juLii AjJjjLSJI AjIa aJI 

—j) djjjajLs *,A*— 0 wntn-ji Ji3 OuljjjSJVl ^a ^yAjljiJI AaL». A^a, (jj^J 

jA (julLslI .*1 j >11 IaAj . djliujjSU Ajj'lAAi' UjjSjJI A jaj Aic- ^Al Aj^ CJjsJa *, 1 0 

Oxaj Vj (ja»aSi ^la_uJ ajIaj^ 1 -*< *>aa Cua lnU~^ aI UaI n (Immunity) 4 _c>11aII 

j»j_ja ji« JS3 Cjjldli ls j__> 4S]I jlxill (jls oiLaJI jjaaaI ajAjj1£J1 ajIa^JI AJl^ ^ . JSl3 ^1 

Ijjj'ylS /jj£j ajj*j<lA!l ^L-uJ <Aa.jlaJI Aa.Iuia11 jJa 


. ^JAAaLIa AaIIaSI aliAll AjIaa AaiLj ^jJaaAjiil} 


6JUJ1 cjUI 


. j^x uljtx I 0 Ajjl J AjIaa. 4o_lUi a jjiSI <■ _ il.>-<11 

* 

• Y j ' *■ \ 4 ^vj l -v 4 J a ^ 4 a t 1*» \ i iL*» .*11 l ^ \1, -^1 1 

<jlo ail ^jiUI jlnll jljj (JI%.aI 1 4 -tla^AaJI Sjlsj ojlj^JI <a*jJ o jbj 

• y_SjLC- 


* * 

jjiil j-lxxl! Ja*« jx ^]r»^l j_j£j wJjij l^j jl Aipj AjIaa AAjIlJ j.l»x]l ^lauui Aj]q*j 

. AjJjjl£ 3 l AjIaaII JaC- iic. Jaix 


j»Aj A.J...I Jjll JaoL»JI 1$jJ (J£L aJa j£. ajLlC- (jA AjJjjlSlI AjIaaII 

rba*u i a fri ^>J_^ilj_«il J~A) V til] jllj lljjj VyilVIj jLpIl »Jj_C. Jxaj_Aj JjjL£]Ij JjjVI 
. ojj^Loll JxaXall (jAjIaSI (jIaaII J Cu]jjiiJVI JSjJ ^.lul IJaJ jijjVI 

jl j»jL i'ui (JSLill jx AJuIaa k—i^iUa]l ^ojjxulxil) JAjiaII LVJI j-A jjfL 

(■ t. 

J Lx£ 1 XfllflLal jlJI o.i jC- Jxyxj JjjVlj . jaJxlaII JLojVI Ixjxli Jjjj 

. (AS) Jlill 

* < 

jl jl A jjilai AjIa jx Lai jjj AjJjjlill AjIaaII J ^JS_i_UiL«ll OjLII jLJI 

j>.aA Jl jLnJl j-W) 1 * 1J ■> t(j-a-jLi. jJUxix jx AxlJjjiSLdl AjIa Jl jLj]L AjAioll J 
,-»..■ a Jc. t~i 1 Vi JII J^bll LLLa. j£. ^uliil jLu jl Jc. tJaujj AjjIaa <_ijUaxil j,i*x]l 

. tJ£bil ujjAa j£xj V juJuc- CjjjjSjJ'yi Jl oj^xlxll jx jam j JJI jV IJ»jj • j^*4l 


jLljll JlJjjJ ^laiaJl (_ULijJI jx JjjVI jl A_iifiLa. Aj J_jjLS AjLoa A-La. (JasJj 

jIiax jx CjjL jLu aj A j"' jljj 'i^jll AjJjjLS AjLaa aLLw (JxjLj . UJjUaxll 

“ « « ( * 

(jAj (j)A aa (jx £Luil jl v_iUail jc. sjLlC. ClbjVI jla (jjlajl J l tj*-' !> 

. J > A1...V1 jx CjIjAu isc. Juij J IjIuiJ 

. (JIaxJ) IJA jjJ jj > jxxuaA ~i ^ jiAl^A Jl Aj aj AjJjjlill AjIaaJI ^UaJ ^->lx<n1 

. JalS J Jc. ujjaull Ailal (j-A AjIxaJI Ju] AjjVI diLajxojilij 


UV 



dlj-U £-*j 


<Jl_aJ Liiia CuLjII j Lilli 4jAjLill J^Oiuaj 4jib»j JjjYI il»J Jii-a Jj-uaUjJI 

\ A^->~n 4jJjjl£l! 4 jLaa 11 ^Uaj . I JL 4 '1 ^ •>■ Jc. J j -^. -At 'i i . J l I .TitJ l 

. 4jjljn.all 4jl A J Jj jLlSbl 4 iKd A 1J ftj.fl'ii.j a'|1 4j2 

Sacri fied- Anode System 

1 . H a ll 4-AuulL 4_ilLui (jjj liljlxui jl jjjLux *-4lbjpVt ^-luoj ^Uaill L& J 

j~> ix- Ale. . (jiilaJI JmLuII J 4jAjLYI 4jl$_ill Jl t-uj l$L J ‘ 4 ~jl -» - jjiall J-laLI 

(jLill oAj-C. ^yLA <lxcii J 4j (JaALaj J-UmIjJI J Ja_aL 1 1 .t; All J-a 4jJ_ill J CjbjjYl 
JAasII LoUfl ll jLj £j±ij JLij 4-uiIaJl Ajliil A_>jl ^ Ajbj-iYl ^y^'J 

. (1> j V) J&J! J jjlSlIj aJYI JuaUi.JSL Vj aJISII 

:< njrtntji*ll 

L_il^Jl CjUlAjI 4j[ a Ajbj-i'L saL- 4 ^ i S. j.., Jl ^a >j.Aljjll ^jjLa—A 

— t »- f 

Cllbji) 4jL. A^a. ^Jjj IgjY blbj ^ jAm i iua H Cjbjjl iJ A Ual.lSA.J jj£YIj . AjAaJIj 

L)LJ J !»-**■' f»jl ' ® * * ■ (jj* Jl LajULo J 4j_yj 4jl n-JI Jl tllbjl Jjj • <^li J 

jLill ^jjja ll .Jl jl ^ |»jl ) 1 • * LajlLa Cib 4jjil! J I^LaaAuiI AjAaa liljjll Objl 
(VA 'j (JjJLaJI . »-> ' umll AjiVl % in") CjY-»L*-« 4jb ni nil all AjY 
.(P/S Potential) ejj^ibSl ^jxi L_ijlkxll .^.>11 Jc. JfJI jjiYl ej!iLql»>4 

Olij__)j£ i—iLlij ^jalLx Ci]jijLa Ac » 41 a: 4 (P/S) 4jjjJlj ^jljuall A^-aJI 

. JUAaJI jl AwaJI LVull 4jlAi. Uxulla jul*j ^jwLaj 

sjj-uiLxU d ^ ^Vl jLii dlLJl 4jLa. J La_£) AjLiijjJu labtAl (i^ ll>r-ill 4, i :uil(j 
. 4jL^n t_ujili« jj laj OJjA>b V) * — .Lj.->il ^Ij AhL 

1= l z P- ] ()F Y :4jyi<)^L jjjYl^giblljUsllujL^^ 
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\AA 


CiJLUI cjUJI 


jljjJI = I 
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__ i 
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JjjKlk AjdaL» 


^jjVI Aiial* 


jjill ^Lu*« 



^ \ \ 


JIjj\£jl Aikl* 


V V 


J i v* 


J s 


AjjjJIj jjjj J^ai) (_>*U3 (Alj yS*l 


























cJlil! ^Ul 


A 4jjj ^J-^uU3uJl dJjJ *» (P/S) JJ Xg^lt I JuLfl 

l jjA JjiVl ^jlill ^LuJl — m j\ ^ <Lajll>ttIl ^axu^Lttj 


1= 150000 x 1 x 093 =-140 mA 
1000 

L = 12Z5 x W .. bulbil jaL j i/V! ^ 

I 

JjjVI J-ftC' — L 

= w 

.joirtULaHj ^jUii jUiii = i 

^ 122.5 x 8 _ i 
140 

Oljlu. V = J^jVI JaC. .’. 


OuUll jL^L&JU^U&j^l&ldAa^l-oi 

(Impressed Current Systems): 

Ojb ^ jljO 4 j.lji. i jl jO .~ 1J ~> t ^ 5 X j J£lj]l ’Oajjdl AjJjjl^ll Alio. ^11 ^llaj 

AjjixJl ObVI (jj« -l-lc -j jlllll 1 ~ 1 J J Vi el-^j Jo 2 b ^Uaill I jjkj jluu jjn 

c - 

Aj,/o>jVI ObjiVI ^gJI jbjJI Olio! wia.joll ujjdail ^_y> Oibll ]J ^£1\ jliill .JAwJ • 4-L>^l 

i c 

Jjl_£ ^1 jLplI L<boll Jo . <Q\,,o % i_jj ilao'I 1. .boll jjJI JAO Ajj_o]l L?^ J J ‘ f* 
Jjuo ^bll Liiall jb jbill J^sO .jLoll Qo»l i_2LjII u.2i l all ^jJI j_j*j *- y- 3 * J^j-ajJI 
. JSbj LjU 4 jjJI (ji objjVI lol. JShll ^o Aiilaik, ■"OJjjsfulj Ail*. jjj jjjI£ 

t f 

jl ,«oll 1 .boll AjLo jJ tJ a.jLail jllillj aj.l « ~lb AiJjj 1£JI Ajba-aJI - 1 a. i O 


^llaill LlA i _ijlCJ ujo .^jJjiljol! /jjo Ajj^lall OLoioll 




oLdtl Jij j-iaulja Jajiiik. 


: y>» 

i_jj11mI1 jLuJIj ijjj£ ^ Jjja jjjji j£L*j 

AjlUjl ‘Lttjl~ILa.il Cjlj i_Unlia ^ Uail l lift 

iLjiall jJjjI jail JajlaAj a jji 1^11 CjIaLudVi “L'la^ /jSLoj 

: ljjja!) 

i — alii ajjKt ia.jJ jjjilail JjjVi -1 lai-l <jjlia ^jli■ «all c ail K'ij ft LijVl ‘ j-ll lfu ajUj 

eJjlill Clljlull jj-tt ajjl'jall Ajjiuttll dlltludVI 


jjiiJl jtuli 



(Cyiai) jUill J*-U5 (*y) Jti 


cUQll cjUI 


% — 1 

(jl t- '.%-j (J^llII •'*' j " jla CuLill jLuJL AjJuuIIj AjLajJ) ^]ai] J. -Adi .lie. 

tjjtV 1 ! jUilL AjjiiJI ujljjjVI jjiVI ojL« l-ix*. jaL 

ClljLull tJxL) £>jLv-aII Clidal] (JSbJt 4IjLa-a. <_j jiLui]l Idall JldiYI 

4 id] I JjaljuJI aJjLill 

jl (jjSJiuill Jle. jAjll JyJLa. (ja jl Cdlj-aJI jjx ojlc (jjSj Ajdj'id OtajjVI 

. aJji. (jA*-a 

lilj_jj^i ^yisVI ^.dj]l . 4 jiiV^jVI Cij jjV) ^LkajV A_lkiiLiii (Jliul 4 juji jLijJ 
< ( 
jJAAnJI ^Cajll . jlul] J^J-AJ £“Jj jl"^) CjdJ lilljj Lillttll (_jc- oCUL) 

t t — 

AjLa_aJl JCa (JiA-C. Ida 4jlA_aJ j] jLj]I J-uiil 4_a.jja C- ^i_a. ^ Cb_>iVI £djj 

^.Ijla ICCa £dji Cujx (It i (JCl jdLtli £d_j]l .jllVl Cb^di] 4jAjldl 

K-c iJ-aJ 1 l!' 1 JliL * d^jl ib& j j j .i.lj/Jl 1> -k (J_jia ^jdc. jjj jl djl—ilj aJI _y A .a 

C ( 

£Caj]l tiUi£ (jJjVI jLiCiVl £Caj ^ySj • (jiajVI ClfrLAu'i/l 

t_>A JILj jLpilj o.U_a. A jh-i'i (Ji-z-J IjlAj J-IjjIj^II Adi CiJl ?- 4 J L^VI £-dj (*-“ <_jj]jd!l 

t ~ 

. CLiiall £a (Jibl]! (jksa^jS 

i jIax. id_jj \ y * JkUl la jUi J,^ m A (JaCj ( JSii jLc]li AjiijJI sia.j 

».“n JJJ oCij (Jj_x-6 «jLluJi ^."-Ijl.U 9 Jjkj AjIajJ jlui] AJalaj Jjj^a (jjAlwa 

(ja ijp- ajljc- jLull '."ij-j'Vi jk^aic. . Ciilj jLu J) j-i ii .ia!] jLc]^ jj j.» ll jLcll 

f p 

. (Diode) jjjLu l) ^ j]j 1 a jijl _)]_'■" jl jjiiLajJl 

P e 

aJU ^ . jUili aJj«J Jaa ^ Jaiu AjjS] ^jAuluii ^- n -all uiti! (JLojYI j.}' i»J 

j_aj ii]jACl jiCi]i (jlfl IjClC. JJ-ul jaII CivL^ajj (_>ix*J ^ LaS JLk<ajl J 

J^MI ji-Cl 1 ' 77jJ>z± A iU'lA (J£Li]l Cl 1 Aj ilJlc. . aJjjjia]) A_^Ll«S| jjA jjj]I 




oLiXI Jflj j ■ ■■■< j* 


4L-eu-a l.~L ualj (JSLlH (_j-a ^ a -a all j jjJL» J oIi UiLall * °1~~' * £JLi CjleLajVl 

(JSlill ) j A iii 'i (jjll 4 Kim all ai&j . (J£ui AjJjjl^ll 4-lla til jU3 (J*AJ (JSljj A-3 4 j 

ajJjjKII <jLo_aJl (jlc- jjl (jSLsj jjjll (JSLUlj .cjluLJI ^ ^jA AjLill jLnll <J»jj 

( t> %j ^ajj Jii Jic- jjLiJl jLill J*a <J£LiJI a^ja l —is>iij <j-?-jl-sJl jLj^ilj 

t. t t. 

LJJJxll 1-L.iall .Ljj]lj LLaI 4Kaiall cAA l li^j <Jkola JjjJl J UiiaH 

■ 13 «-><11 l-Hal I £-a 

:jLuJll HjAiillj AjJjjIKII AjlkaJI ^Uaj ^jA-aaJ Aic- .jC-Ijj (J jll Ajinll (JaljaJl 

t 

AjjLaa CJjlli^ll Ulall Jpicolftj 

A-ajIL-oII .Ixui^La 

• ui-^4^ _)>Haaa <jAaj Lj^ikall jLill 

ojjli-a!! Oluiall ^jSlal 

4JAjSISII U**l\ ^Ukj J-J a^UI CjUillaVl 





UJjjIS yaw ja-lja Jai jl>^l (*J £ - '. ‘ .““.i Jsiall (^1*) J&A 




JjJUUI O.LUI 



Ljjjli 


liU £yt UUjAll L ai all ^Ja*a Jslj (^i) Ji«i 


(jlioll jLia *wlj AjJ-iil A^ajULa A » -i lj * JjuuilJ_x Ixk A_aJLaJ pliaill ^ -.*-» > AiC- 

. jLjJill t_illi»a jlxLi.1 JaC. A oU'J.l JjXaj Jlj_aju . Cjljijj'V I A A j\ a »11 i mlloll 

CjIf-lijV! A^aJl J±i\j jlnll <■ *U 1 JJ jLiWj ^ JjC-LoJ jlii ^Vl lli ^ulij 

A « 

Loj jj£al La o^pl-lll <LajlLa ^jl jjJjjl j’llaiil -* ■ —_' i_ijllaJI jliill -Ij-i-aj ,va . sJjL^all 

JjjVI AjaL^lj JjjVlj AjjJi]! jjJJ A-»jLL« 1I (j^ai-% (j£>U .jLjJI ii]!)L$JLu:l l_klll£j <Jiflj 

, iijij£jl -^° CjLuaJ 



»HI j Jai j_lwI ja Jbjtvl 


:oUII ^3 cJ^AlsIt ^JJjL«!b LaJ jmIJI oL«a <\_>L‘>ljJI bulbil - A 

A «j LLII CjvLAj»-111 jA AjjL^LiiVlj A jlaall A-ijjia)l jjSL eliVLall ja ja. j£ 

(ji (JjA*j 1 I jjjIj jli ^lall oLiall j Alua-a <_i>lSk'V 1 . A -UUall Alaa-ja Ale. oLall A_ic-jj 
■-_' a Lull Aj f-j*' t fljtUl JjAjtlll jli La ja-C-j . jiaV j-a ‘ »^* •»■ ~ ohall Aoc. jj 

. AjAlkali! A&j^LlJ juil^jall (jLfcWl JSbll ja AjUaJi SaIc- 


(^°) -i 

. £jJ^ill AjiSiA ^yi (JSLill AjaUJI ALjU! *nflll ply\ In'.V-i AjlaC. 

. (_jLal oA*J (JSbll ja AaJi ^yi (juluaa. JjA AJ ^yiia^jjAa^Jl fijl I 

Ci^lc-Ujill ^yi Ac-jaU J^Aajj OljjLjjSjl^U i_jjl_^£ (Jaxj (H ) ^ n >jjAj^-ll jjjl • 
CjLjjL ^ylLsill IjJaj A_jjljA_c. »aLc- ^yJi Aj -Aa aLajI sLlall . A-jj lj a j J-^- S L I 1 

pic. (JSL baLc- jjSj \ 0 ja Jjl ^ li^jjA-iA pij Aic JSbll AjjAaa. Aic. . ^ \j > Jj l ' 4 l 3 1 ' 
. ^yjilll jsbll jA UjAa. jii£VI cl^hll j_jSL A Jjll 1 ja J la-all ^yi lai 

Al _jall j>h«< . ej_jjiL*ll oaIaI AjIaYI AAaJ jill iJaUJI jA ^ 1J a>j j Aj^l l p & ^)ll • 

pi^jll A-ic- Ctjjj <_ jjAj ^LuLa-J tdiia-ujl tAjA_a.J oLaJI £JJjJ Ol^ \ A A a, ’; 1 m a i l 

(OH') AOwSjjAjVI jjjl j-)$_y ja Ajjj ^yila.jjAJ^i' pijll flAljj • jjAaiaJull ^ylla.jjAJ^ll 
uiljjll «(julajll Jiu Ajlia jaL. CjIa jai^jjAjl jj^j (jill jAU-all Ajlij ja (jJblLj 

. ^uaL-a ijJl 4 AjAjkJl 

jjjl Aju^ ja Ajjj U Aa. Jl ^yjjAjjAJ^ll ^jll 'baLj jli ^L^jjSlI AjjJi j3j3 Ajt 
V tllLj-Jj-S ^-vl-al Ljj (jill jAL t .all Ajlij j-a 1 vj jl j^-aj IaAj JjLaull ^yi 

. (juLajllj jjjaUiO^I (JLa s-lall ^y3 <-JjA3 

* * e * 

iJUaJI ^ ji (jiij^m BriVI J-^ai lj^a ji Aj Via mVl ^ < AJ U -uiV^ CjliSJ-Jl 

< 

. jAi A \ al l yjj"'} fl ll ,aijJI Aic. 4illA_S 1-JjAJ L_sLo] 1 jl jjall >&jil J-J A_4i.lAll 




6 JLUI oU! 


— * 

^ JSLsll JoLjjJI ^] (ji '^ 1 u^aj (jjJAjgA-i^il fijA 

t *. 

. AjiiAmVI l jj» bAA 

t $. 

A j <4^1 tjj^j Ajjlill j!La alj *11 (_fj^.VI _>iAjaa1Ij ^Sj31 (jAJ AJ^UI # 

^^-3 (CaCo^) ajIa] ( ->^~> u (jjll ^jA ajIaaII a_J£II ^^LaVlj q_^jj£3I 

<■,'-' ‘“J* \j ■ JAm|>aI] jjlkLll J| l jLc- AjIa-s. AJLiL aAl_C. ^ 1*a Jiinj (_ja!Ij bIa11 

* * 

£jJl fjA ^Us jiSl QjSj (jl <■ 1>J bLaU ^ n J»3jll ^jli Aiaiall aiA 

. AjSLSII Ajjlill Aj^j ii j - - ^ l£JI i^jLi^jjSL] ^j-lAiill 

(_fjiu-all Clli bLlJI (JSbJI £AaI t _yiLS JJ-t Qj£j ia&3 ( _yijJ.jjAj^Jl Jal -rt 

AjlijjjJi jjA AjLa -til A a lla V tili U . fllj Aj^ls j_jA ^ 

t 

. aLall jji CjU^jSIIj CjUjjI £y* ^yilS a At jjAj ^ .jiuJKlI 

^yillj AjIj_a ^>0*31 ClLjjjjSll j^>a A t ill (JjSj (jalajJlj ^aL-aj]! JXa ^jaLaa!! (jiixj 
CjU_^jI AiLial fjL Ai'^aA'jtl AjjIaII CjIa oLxolt ^jS . (jIaaJI bAA AjIaIj (JSlill (Jaxa ^)a Jlii 

(Na2 C0 3 ) j_jiT ljj).«-i’l jLi bIaaII baa JiLal . ajIaa jjAJI CjL^jjSH baa Qjjii] olj^jSll 
La ^ * ^~- a a \ wi ~s i i f i lAj UjLa^I ^jA (NaHCO-j) ^jjaj >^.11 lAjLjjjSLij jl 


■ (HCO^ / ) CiLj_^jjiiJlj (C0 3 ) cAijjjSll Cjljjji jijj Jl AiLA»VLi 

t 

aj!j_aJI 4_a*jAj ^.j j yjj ) -j. 4 II ^jU a.'i „a * a jA A ^1 1a 3I CjLj_^jj£ll Cjlijjl AA-C- 

f 

aijll aAljjj A_a_jla Jl l'iIijh^ iti ^i>Ls O^S • s Lla1I (_SJa! ^J^sl >a •'-j 

jjli 1 bUaJI lIiISaA JSUl ^ya Wil iAjU^JjSII Ailuoj Jl AjiLaJl Ait ^jj.7 -jj ' jg^ 
, AjjUjaII Aj> nil I ^yit Jj<^va1I AjSUI AiaiAa i ^n> , j^)AA^jl 

« A 

Ajx-jj ^a£j bL-JI Aot_jL ULI iafi^ A'y-A j_jV i—IuIAaII ^jJAAjjAj^II 

laia ?li Cua LgJjIjil A^ljAil bAA a .mVi V ClVlaJl sAA j A^jiaJl ^ J-Aulj-*ll A-i^all a!I y* 

.yi'ajUVI 





£ ' J ,ul. « J1j Cllj_^J_j£]l A-jlS j«* AjaiijJLs < j ^^Ic. °LUall ■-1 j JW \ Aj|_a. 

j- »uc -j Ci lj u J I j CiLjjjjSUl AjjLs j* jj-SIj ■■'" ^ Cilj_^jj£S jjJ ! ' ^ S' a 

(AI) Aj_)ijC*il jmjm jl jj (LSI) ^iwil] y^y ® Vjl ^jL ‘i*lie-. ^»ji^ll^ll 

L i /n-t e-Calij . A_ulj ^ j Citi^Jj^ jj£j s Lic (jill ^'' a»jjA v^-II jai^l j'' «"'1 

< f 

j* _ji£l bcaj •, © j* ^cSl '"r 1 yy a LSI y^y* jjiy e.LalI ^ *>j^jj *> j ^ n 

> , AT 'Cjs jjla (AI) AaiIjJjJI y^y* ^IcLLj] aJI». . pH<, ^aujU ^^>11 

^ % % 
^ ■ jj - a^ jjafrll ^jJI JJjti <JL« Aaijjlj .IaIj*! _jS y ^Xc- AjLk ^ ^ V jc. Jjjj jl ^jLuij jl 
( ( 

jji*J jjJic. AAjljLb# jl AjLaaua ^jllj jl Cilijjj^ yA AjLa^ AaiL oujj ^ iiajl 

.IsXlu A_ 1 I.I 1 A La' AI jl LSI flikiJ 

£ 

>.■ n.m_>i i-iun.i pH s ^ luiTill jjCi^Jl ^J\y* jjSI I ^jll Ljjc. 

o-J-ikj *, Y — *, ) ^ylj ■>jjijll ojlij AjLaa. A-iila jj£j ^Cc. Jjc-J . AjLca. AjSliL 
jjila t-Xl *_a jajaj aSu'mII ; _ s J .Pi«C*1I aL-iSA ^_JI j* . AjLajJI A aiL jjSu AjIaj ^jCa. 

jI.1lioV A n..i *1' ClljAui^pIl __Cad A_aJl*_«II L\ « j* t_jji]L> dl^j ClLlXuiJjIi 


Cu-a> . AL LSI ClUalaijjj la 'L oLiajJ ^ ~'j yj_j s J j '' AuJS jL<oC-V1 V 

itj a ^j.j.11 U£]l Cjujjj£[j Aju_La ^ua'l jl jiaj V Ajjisil ACaLiCall aLxallj j -.. j ! 1 oljja!l 


IOiLa jJX^ 'l *, T t>» ^?SI !»ajil jLs AjLiaJI ^jll ^jjj] 

t 

Aaj 3 Olj >aC- Jj ..SjjJjyi Ajjla ojlij dlj-Sj . iSdc. ClliCllijjl J 

£ 

. Cilj_^)j£ i.-ij.tji ^ ic.luu V L^iV IjLj 


^jll (jjCa JLa^a ojLc- L-jUalj CiUaiLaj CiU-uij-iJl ^-!)Lal Cl »nl 

« t 

^IjjiVI jajL ‘ "'' laCLall oJA allaC-■'! A]Lk. ^3 . Lj’iall jCilj ^< ^ 31 j-lijjl j Jj(j,lj^JI 

, Ajjlluall JjAaJl ^^3 a.jJ^jil ^ajCaj 


AjLCaj jl j j ^ ' J yjj ^ J j" L) /rtl aJlLc A x.1 *> 1 Clljjl ■«_ jSl I 

A^aCaJLujall Cl'lga.-aiij IgJ ^uaj^all Cjlc-^ajlj 


oJLill ljUI 


jj■Ajjil j 4 II ^jll tllli ai-Lall jV IjJaj AjU j»ij ^~1 j ■>Jj 1 J fl" jll Ja j, ^ 

t 4 

<—UjJ ijjAaJ AjJJI <Jia l_u_j_>^I aIjj» (j* ^> 4^1 \u.£ Jl ^liaj JU 1 pH^ £• 

. t—JjUaa 

JjAij . All3j]l £a Jaa ^3J 4ai Ija] JSbil Ajilja] (_U*J <j~s Jj 

“ ( 

. JSUJI ^aLi ijj jA Ij ^II ^3ijll 1 4 Vi) CjIj j Lai£1 L 4j..\ jjj) ^UaJ ae-LfiS 

t t t — t 

(ji«j JuajjAjJI ^Jl J.ul CjLjLoj£ J jl <ji>l bjj-nJl jl (Lime) j~JI LsLaoJ 

^•a-illj aplJII a-uiii . Jaa.jjAiJI ^jll opljill Cjvba-uul ojaj-uuJI spljilb ajjAij 

l' ilj j g ■s. ~J11 LajIajc-] (j^AJ Lai 4 -S.V. . Jl iU-v * pLali Ji yjj > j jtl 

t. c 

fk ^1 (jl L^oi . ajjj iVrll Ait illbjl a J^ll (jAxbk jl aAlJ 4 _iA-*_ill ^LLi) ejl-uil pUaC-V 

« — t 

V J-f*^ C$' jJ Jl (jl (>« (^jjyill Aiji J 

e 

. jSljJl ‘ '»■■■' 4<^.g'l 

4jSlj .(JSUI (j-» J jVa'ill J Ac.Lwj (jl jLfci Jj>jjA.JI J_>ll liiid (jl kkjju> < )■>j 
aV-J! UJJj iiKslI J JaVI j* r Uiill lift . oVU! J JSLUl cJijj V 

. bllj (jSai Lttli l^alAaJLail jjiaJj i(JSbll J ^ajl] 


tiljjjijSil AiUa) ji I J jjjll JxuaJ CtbjLwiJl (r\) (JjA^ 



1 


lT jl -a 

oXaj i J—i-ajl (JJ—^ 

4-aaUi cpLalL jj^JI <iL«aj 
Ajjlij 

\ro 


' Ca (6H)2 

oJ^a^o 4jJuij A i*Ua 

AjJuuJI ^ 

\Yo 

jsi/rW- 

jj£ijj AjjI£ ljjx-a JjVk.a 

AjAij ^ i alln i Jj\-k*a 

JAju-« J ,-i^-b ill aj-i ■>.< 
baiill 



Na 9 C 0 3 

Aj jju a i «] In i JjW A {Ja 

J .\ j ^ \W ^.J $ ?• A 
Ajiiull 

*. 0 ^ 


oljjjjSaj 

NaHCO^ 











oLpU j Jaj J-Uul^0 Ja^lxx 



ul>l 

4jjyj ijijSj 

ujljjlu-i^u <jAa!I 1 ^ jjpAl] ^iC- hhi « (^°) 


fru* 31 ' el * o r, £ .ui 

vacuum Broker 0 \, * .Ul 








OJLUI oLdl 


(Use of Corrosion Inhibitors) JffcJI oUa*U - uj . 


£tla*JI (jlc- AjIaa AjLiL (jjSii (jjll *L»!1 Jl CjLjLuS Aildal: (JSbil (ji ( *SLaall (j£a! 
dlU-ij 1 aII j j ft-ii u Cjljjl aAJij . ojj-buLJIj *Lall jjAl j_^La. Sjj_ujL«i11 

. Aiijj ^ l^£] j JShil ^ Jiii 4 1 aj t (Inhibitors) 

£ f 

ol_w -11 ^■■di’i a^Lc. 1 j jif. jjjljjjll ajjLajSII cjUsu 1«!I (j a c^iOl f-ljjVi 

t- 

^ jj jjjlII CjLLmjjiII ^>LaI ‘j»_^ j-a11£JI l jjjJI CjLjU.^I (_j-A t-jjJJI 

( ^ 1 ^ j^rall ClfLiLuij 

IAauLI (JaIjC- C!)Lj C. JShll (jS laCall ^laj 

« 

AjLa^», At lii ftliil dllij iaJ-Lall J)±Sjj i. tn .V-i Y* — Y (Ja*a: A^JLlaILi $.AjJI (JjA-a-ft] ‘. Vjl 

aIaI^I a jlii> Ml (_iia ^ ft til <J£IaJI ^gk *,a_UI d jVI -' •>■) jys <JJij Lw (j£a! L» Ajujao 

. £jjluii aAc. (jAaaII riiaA Ajiaij aAle. . (jA*a1I 

-jSaj aj idm ^il AjAaj]! j»A_c- . (jJlc- bjaA...a (jjSj lajjL«iU AjA*jJI :LiUi 

* t 

(jlC- Ae-LiJ VI (jiLoJ lAa> jAg A •i/'ll jj£jil| liUiSj tlgdlljll Ajla^It AjuJo ^ All! I <■ -L Lmj (jl 
(jAat-aJAll j±S_jdllj A a iVi 'i<‘il AjAiill (jA !>L£j • (jA » .oll ^Iva (J£ ^ylc- Ajl a -all AAjia y±j 
CjILCaII ^waJLii AjIjJ) U I /jla y^^J\ i_uLail ^lc-j . ^-lalll U£li]l ^Jl (jl ^j^Aj 

. aLall AAfllij djliiAjill ^*£1 JJ ^ A3 Ajl*j ijlS AjjlaJI 


. Ajl^i (jjlallj OlkjlalU j_ji ^SajII j»jL iAUaJj 

* 

jjAJtoll ^Lia (J£ JaAall j almaU (JlftiiliU LjjlS (jl C-liJ (jiAAll (Ja*_« ^IaIIj 

V (JSUJl ajU ral 1 a ^UL*S . (JSIaII CljA_a. (jA (jS La: Ia: yn. l.dj AjLaaJI AjaIs (jjSii 'i' Vlj 

* A 

Aj AjAJuJI (j ^3 V iaCal! (jlj jIjajaLi jjSAAj V sLiaII jjV Cljljdl (_^ I^aI.V S..1 ».J jjiaj 
A^lUUl ia ijlxk AjjltA ACaII Cbl^ill AjLaa ^ CUalia'I Aa&J lilliSj . sJaIula 

. ja.1.4a]i (jaAiil ' " n -s. 




^>1—J Jib 


^ ^ e e- *■ 

dJA A.iusLxa <3 J-cm ^Aj UJlliLJ *11 £*Ijj 1 Aj^lfiJI ^1 ' mll^U 4_3 Ll^I 


. A-iA&il! 


0) 

cjjiiL-ilijj: IaAj (jjisjjJaj iJ£Lill jj« .i=»U Aj ji>> c- jjjJI tlili-ujtll vk 

. aJ jjjjLJI ^Ikjj (jic- AjL*^ A 8jV» JjjjSlj ^jj A all jj^tall ^iaj 1 $jLaJSIj3j Cllj 

t ( 

aLu*ll ^.UaiiL a^p-* tilijJ f_jJ“Jl£II ClU J±j£ JjAiij ‘~','* J,1 J £ vL«l jjV lillij 

* 

CiAt_uij_a]l ^iLal ajJ-S L-ia^jjj . ^^J. J1SII djjJ__>£ l_1udjj 4_Jlx]l ajJ-iJi dj 
* - 
CuLujilt ^'iLal jjSjjj «.L*1) 4-C.jui J^ylt (j JjuqII iajjljj AjLfca. <LiL 

• A-JI ^3 dijJj£]l ijy^iA 1 J 

— * < 

. (_l«„u 1 ai&j lw J£Lill t^tV^ l" na..ija 11 /j-a ajjiS p iJj 1 

(Polyphosphates, Orthophosphates, Glassypolyphosphates, Bimetallic 
poly phosphates) 

jJjJj . t~u e .., j _2 jl t.-.ij a ..'j a jJJjVl £-« tiijJI f B S. 1 ml jA I~n 1 %ll 

<."ni.nj-ajl jj-o _^jl /^Ij.'^.La 1 — Y A »>1 a 1 a 4L^la aial LlLaA-a-luij 

Kwi r \j « -11 aLiJI AjfLtiu ^ylt i_ilijll Soduimhexametaphosphate <Ji_a 

(jjlll (Jjjj ‘ 1 'jfli-jj all AiLuaj jjU CiVtail aAA ^ . JuCaJI s_)£lj A^ZiLil! 

ijihll aAljC . Cut ,.^all ,i It a l_i£jj» Jiii jji iaiij) JjAaII ij')! 1 a j U i lijtj «.L«5I 

ifcjA i 'lUsj ^ aiill ^ft-LS-wll (jJaiitilj . L j>d % ’'.j ^ (Jax^) ySllj 

Cut jill (jiajo . (jil f i * — y * ^ CLLCijill ^ e_al*Cal ^ * ^jls. 

AJLoJ - J 4 SI IaC «*> lAjJjlj jj^J ^jJaJLS (jit (^jJLau ^ 

Y ClLtJ^ ui r Lj * aLuJI {J* iaAJj si ^LaC ^ Si t L ui <u_yj]l j x-a 

QC* ^jlall aUJI ^gi lii-all ^y> Cutwi^illj tiL^lL AXalxJl . j^ 1_J >'« 

. jjjU-aSi ^ Jjx-# j_yJI AilCaVlj (j-aU-ojJlj (julaallj -XaC^JI 



cJlill cjUI 


Ijiaj „ q! j-^i' 4 vr-jj ^Ac_ JSLill A vLl Vh>.< 4jjI_L*xjjJJ ojLa ^1„j 1 

« e c 

oljl y •‘-j (Jaxj ^ruVn . aLiaSl li ili <_£j_AVI (JaAjI jjjfij CjlLuijfiil £-!!lLal 

t A 

» o ^ ] 1 ^ lAiAul ^j3 caJI i_Li3 Clliujill ^^Lal i _ya ji£l jl -'-^d y AillAjja jl AjLa*-a 

SoduimSilicates : ol£Ju*n (t) 


dlKjlj ml (jioj . (JSLiJI ~d 0 _ < JJ_aJ - la *■"' (^U,jll -“ 

A — 

4£l_l»nll (jiiaaVI (JmIaIJI ((j°^> Aj.1a1I ^ f.ijjixll aLul] (JSlill (j>»° -■■ 

. Aj-kLlI slbollj ajjldl alxall (ja (jalAill ^j-a 
*3jJ! a'l—J-Jl A _i r -jj ^JiC. iJ£LlU li_i 'i a ^ -a-iil Cll£jj m j-jjLj L-iS j_jj 

• jAA> 


illKjtj <a t ja _jil ^IjaLa ) Y jjiAj jlj A — Y Ja*aj 4jA*a!I <j»lc. bAC-ILS 

. AjLoiil <iiia -Jj^-AJ tilJaj (JSUII qa ,1%U Lal^ 

_j.ii! <H ^ IAa A Attli ^jj, m, ail iAilj bIabII ^3 '■"‘ii^ ,„Ii JaaLuAj jUlLuJ 
• )Aa 4-JUJI l3^AL!I a]Ia jji A, £, fjf. JLi V Ajjliltj 

:CJU3mLI fLuc f nJ plaj «Uu>l jA (f) 

t 

^ja Clt \ j,n1l ^a y ^ajj t*UI jjJl iqKj'j Mill jl OLi_uij_iJ! .jfA CjUaJ-Lall A_al_Ao\ AiC- 

JjAj j»AX- <lLa. jji . «L«ll (J S CjUaiiLall JjAj JA' ail L^Uiajj AA' { _ja b.'i-!.»,_i CjLaLui a 

( 

Jijj-j ^Jjjj-Aajl (jj^A SjLc-j AjAajJI JAu ojUj tA)K_lKiuH j\ CjlLwjflil j^jA 

X J AjAiiil Aic. jjSJill UjluiX aAj».ill CllsLi-oll ^jlc- jaSjjll aJLv ^ . JSbil .ItajluJ (J Ajla 
. i- lj3j AjLjUAII (j^o AjAxill (jAu ^jjjLall ^3 AJr^- 

e a a 

i_kaAa ^ * — O UJ^ laAjjal] JjVl (jSAiJI jA«ja UjIui j $>j LaS 

e 

^jXuVI (jjj^a bAauII CjliLiLall AiluJI ^^3 alxoll (J±iAj ^A ojjjJI 0 A6 l ^3 . (_JjLaJI 
(jli (jALill (JSLiil Ale. .^Xuilj-aU (jliaWl ^ Ui4.11 (jlc. (JSl_i3l CjjA^. (_^A-o AjAajJ 

. Ai'il iAjl*ljo.j JaC. ^jL Iaa L^j (.'! Y^j A^iAU 

* t 

, A la.-kail ClluKaV liJ^a jl J&a l»AJ a£xAJI <]Lv jijAiwj Ax] 


y ■ r 



ljUI 

oLJia/l 















£_ll jjl i_lLxll 


oLoillaJl £j y \-) 


:OUUa)l f»l Jieij -1 

€ * t < « 

(*S^J * <ufl jl i^LC'l L-jj-^oU-a ^yll (JjLu> (jjl j! al jaII £Sj jA A j aIKM A,i \ la j 

iajjVI CjVUJI CjLlJUI olxJl JI^a 

< * 

oLJ! ^»J . £tll .. . jjJl jl jl jLall -a-dl <j* bi-Loll Jjl aLwlI j ' ■ -* ■«■ iifc • 

. 4aJU<allj 4 ja.ull ujLLoC. Jl 

CjLa-ij^II spla£ ojLjj Ola-w^yoli (Jluiajl iliLLaC- J * 
4aJla.a]i «Uaa^a ^J AjjLoJII Jlla^all J * 
^UajVI OljljjJI jl Ajjlxll aLJI ClLI^J- £ J«J " 

olvall JaJai J iax^aJI ojLjl * 

■ <aJL,«!l oL-dl ( J * 

(_>«alj_a.l J 1 ^ji J a >lj J Ju-iuall (j* aLJI £oia ^C-Ijj 4 ■vll « <tU-v ^ -J » —■ J _u£- * 

« 

(J^La. 4_ujl_aJll JajJL bLJI g o-uU Laj 4ia*-all £jJ AiaLi J&l Jt jjjj-aj 

* 

Lal Jl . A_aJl_iuaII oLJI ujUlj-i. J 1^) jJkl ^.a >l ^lij-a. 4_ajL*-all (J^l^a 

t 

^JLa. J . 4 j lull -Uxa^aj jimll y jjl (j_lj La ‘ jj^u-ioll I a J -rr.'^ill \ j| 4_il jLaJL 
d)LI_J! Jl Bj^llxa jl «L»JL-all ‘da^a Jl Lai tlucJL £3j 5 IjL 4_}3 jJI ol-uall t-_ 

. A^Uall Jl Ajjlxll 

• i-.lJUtl pytmij 7 - kmJ 
: J^U liiL jijj uUjl ^ua, 

pLVI UJ lJLWI)) (>) 

Displacement Pumps 4jjVI CiUalL (I) 

Contrifugl Pumps JUI CjUolia (uj) 

Airlift Pumps JJ1I Jl CjLxIL (_*) 





AiUal] llaJa i ) 

AilLlla (JjwtJ Cjllalla ^1) 


Low lift Pumps 
HighLift Pumps 

Deep well Pumps 
Booster Pumps 
Stand by Pumps 


(jjjiilL (_U»j CjLuIL (i_a) 

jLkJl) Ja*j CjLbaiL (-Z-) 

JjjilL (Ja*J LllLbaila ^j) 
IcbSll U-lL i. an.^oll (Y'j 
(jkia-Lall £Sjll CjlajiL ^1) 
^1*11 £S^Jl CjIuU-i{^) 
<Lyu*Ji jLjV) CjLaIL 
UinV-ill ujIiaIL 
LLa^V! Calami (jk) 


wUolb -1 

4_£J-A-iall AjauilJj (LjJ-SJ Cal uaikll (j-« ^jiil IJA (ji 

A. jSj ilSj <oli aO^-E. Jjj. pi A.j alLIi (JaL Jl si—lall ■- '•*■ ■ ■■ ~i -k£- • A :. a'Lti 

t 

4jj1j olyjl SjjX. ^jxT> t^jiOa^Q jl CiJj^uLa aJ 4yJH! 

• CjLaIU LoJbJjlJ • L-Udli* A ^^vul 

< 

Reciprocating Pumps aj-^jiII CaL-JUl - I 

Rotary Pumps #jljill Cahalkll - a_j 

: {<_>uSUI Cali) Aj^jill CjlulLII 

l^cljji AjJ-ijllI CjbaUall 
Ajj.li AjJJ_JJ CjIiaIL 11 ) 


£jl jl\ 


<iUa]b (Ja*j 4jJJjj lLiLaUs 

<4iulSJl cUaaLail 4jAJ_jill <)<U-i1l (V) 

4j JJjill Aj<im ( £ J 

<^.jAjja]l A^dLall 4 \a'bll 

4jJJ^ llI 4jj*lij ^ "l ^ 

•,«u jjiJl oU^lis)) 

J£Lj :«W J Jjrttl oUolbJI (1) 

bfcjiAJ 1 ^ IJL^j ^3 si fl *^\a) aAji^-4 1 *•*- sjj_wLa ^4 ‘ "jl 1 ^Ut /^q £-^jJl 1 AA ;‘j < 

t S C 

JlJ A i-naljJ (Ja X«V % - 1 J (_j*uix 4 (Glin Mdttil) ^jiil -k^ll J—uj AjljJawii 

f c 

(J4fa-4 Ibjj (jaiiall (jLoll 4jljl»uiVl £Jji3 AjAaj fJUjjLoll £3j AiC- . (JjjuiuJl 

t 

jilc ~w.4 jli (jiijiall jo t *> Ajt Jl aliall iJiAj (V 

t. 

^Lc-I £-1Jkll Jl oLiJl (J^Ajj £UJQJ ( > _j..^oil (jula-a) (^ 2 ) (V[) £-j_aJI 

i c 

Jl (jdiSill AiC-j all ^Lc-I aLJl i_L^3j Ji-ujl Jl (jwjSll A 1C- 4_jLJaII oAA . (_)a f' 4 ] I 

JAj Ja*j J (jioj 4Aallail aAA . £jjiJI 4 jvj3 qa JaH ^ Jc-V JjaAJ oljl jjU !lic.l 
AiJUllI jJallj Jbcjl (Jjjj (_JI alt .^g-a J'iLk. jjjsJy'l <- 1-auij ,__£a!I oL-aU j ,u m« 

jaa 1 aC- ^Ja 0 Lwjl la.a. (jjSb LaAAc. CjliaUajl ^ja f- jAll IAA ~ ' , 4a**lAx *ba.jJ ,JJ 

. (jAaJl/l Jaw iwJjjji* <j/a (Jiil jl 

(U) Jii : A3Ua)U { j$\ AdjaJtti ^lJUaUa)l(T) 

p 

iJJaJ ^jiuioll jjl ^jk £ji < IJjAj (J 41 U (J jJl AjAAjiH 4 ulUll 4jubl 4 i^Uli S AA 

( « 
JjjLuljII jya VAj ^JUajb (Jaa3 L^jIj 4_i a 1 hlj J j->»,-k ill (jLa_Aal oLiJl b. -v l ij .„\* jLul 

^3ji lIjI.) p IJJh j*-A A 1 xtU . Llj l.l lira'l l I*1A (J^ulII 

« c 

AjljiatiiVl (jjSj lxJ-LC- . ji-J* ^ <Xuil3iJ aLlx!) -Ixk *Uxi^ 



oUtll Jij jJauIJ a^iaA 


l.i& 1 ,'^u oJ^oiL .IajJ V . alkali J»ijj jl 0Jii I4J CjLuILII ab-ft j'lj i bIua!! JiJ 

ijj"^ is^ • AjI^IauiVIj 0JjjLj aL^JLo alt ^najl ^jl 1 "l>^ i~' l > *1LU q^ Oj\U 

oJj^jiLo (jjj £-jaJ jsXC. <w j k 1 A a i-J>L^aj .13 . Ajjjli (JaI .1 bLiaII Jaa (Jji jJLa "\ <i \jixuiVI 
l>« bLjaJI £3 j 4 uUa]l 0J14] (J£aj . Cjli*iLU i-v.-ll 43 lia ajLjl (Uj^Aj <UIa 1 i-v...H 

t t _ 

.^££1 ji ^jIa ^ A ' (_jaC- (jia. Alu,nll jliVI 


(^ <Utf ^1 4 > 0 ^aU^ilaJJ (r) 

(jJI c-. i A.jjiJI ^‘La-j a J>La eLail l—La. juJ JoLs ajj.ljl j .^Ic. A-LaUJI ei& (Jjlju 

t- f 

4-C.jA j ilc. e.lX’Ljall aj_^ujLail ,^3 in* jj nj (_)uji*ll <S^a (^ja JjVl c 3 4 \l jU... Yl 

e t 

Jajji (J£ ^ aLxall k£ j_x jjulSxjl ^ jjia'ij £jjJI IJlA L 1 J f- . ^J-aI bj-o JajjiJl Jjl 
aJlA (Jjl i jl ljL$Jj • ^iba]! .lASj ij, » >i ,.a dll a 1 .ji lLij.1a (_jJjj AjiUail 1 a a Jl Lu 

^ ^ ^ * j_ya Iftjlj.i'ii a iJ_^J3 ^^ill CiIa-laa!! 4_c.^)jj> Jjjli VI 1 1 a i Ob»tl£xiVI 

aJiAj . aJAiSJI CiLa-^abII ^ <Li 3 jJl ^ ^.li £ * * — T‘ • ^1 Jjjj I 3 j ,j/a .13 ^ * * jft 

. AajJ j-all Ajjjlill <jjaLa!l <t ^ «U -I v .-."-..1 1 

&b*aII (0 

(> • % ) (Doulbe ActingReciprocating Pump) 

. J* ^0 cJS ^3 J^laJl o^^ajLft ^Jl olj-all ^^2 

ojSj^aiLa ^3 c-Lall JaJui^jj ^lajj ^14 <>J1 k 4u3 Joj-aIj ^3 

.(Jjkl! ^U^ilb A a ^J) frUl! ua jjtl ^illj c-bji Lff 3j ^J4 ojl ^Lu-caJi -^>^1 

t 

ji (JIajlLuiU ^i^" 3 ^-Aiaij-A ^s^jyLA jfc _yic- • (JIa*J-ujVi ^-iLi ^^51 ^3Aj 

yL-A ^ ^ \ A • Iaj 33 Uljj 1 -^^wj jjlaJI Jaxi CiiaJ A^lj cJaaj 

* c 

I j ^ j" j|j-all ebjall (3*^- VI c _ 1>J LaS . CiIajIaa Ci^bll aJIa ^ jl ^jjAa-ua-all 

t 

^.a-joaII (JjjluO jjSaj V ^ lajijjall jjl jLjjc.U jia V (jfr 4-ijja-all ^^a LulLa 

r (jc. ab-a!l (3 aX- Ajjj VI (Vli-all (jaj . ^4 iA.lSra.ll jj>~n-ki (jAjjl) al_^JI c . .j AaJ V] 

. bjjjSII ClllAUall ^jk ji* i t^j in o l l ObjJlall ^ jix 


J-.I J\ ^ut 










oLitl Jfij jjjjjI Jajlajt. 



{\'\) J£^: iMA\J\ A w gqi < UJJaII(0) 

* 

ojj*jLo (jc. djLjX. (jl Vj *UaU!i A.jaIU'I /Jjjlull cj-aJ) ^ A^jLLs ajjfcj 

P 

^ \*n») LoAj ^JJaAaC. oJ lA <_£Jj 13 „lic ^UAJ ^Ia--o jlc. oAC-lua 

JajjA AiC-j . Ji^Iajl -Jiwl J ^ A\ Ax3 Jj 4 j dUiIl ajjjxuLail iluii 

^jJl JAvoil QA cLail ) j >o2 njjj (Jiu£j«]I ^La-^a liC-La dlLal « ><a\l ^jA ~V jiij jj.j'sall 

Jl oI_ja!I jljj LaAjx- <XaliaJI ajj& (JajuLulJj . A,,j aUnll j>ua jjj ^il_j3l 
AjaIIs La) ^jLajAjj . el a.>-ix i_ u£jj l. ivj ajLj ^ 'J~> a]1 9J)jaL> j aJL^ ^3 . ^jlc. 

I — t 

. ^AsUalb (J*3U <Aa*J1 AjjJj A, Alla jl AjjJj AjJ.3 jj 

- — — — — - — — — m 





■Myi\ 4U> <uw ji\ (.u«ji) £b j\ Hu** - (i) 

(\ * Y) Jli (Diaphragm Pump) 


j&j . r-ljjj 1 *A 4 La'UH ^uUjjll 4j_a. jm Ci 1 a•V~ wo ^-b^l CiL^Cm 

* 

^it- (jnAajJ (JiCn j-^AJj . jJA*-« (j-a jl JaUaxll jj^a jiuaa ^‘) y a (J-ojS 


Cn’ull . cl>* o& ^b^ll -^“jd &b*Sl _>t <—*jJb ^ <ijiu ^b^t CiLl^j .£-jaj 

* 

. ^b^jll £jj ait —'JimVj < _ s ltV £bjil iainjll ^ 



<4^all (D«) JSA 
'LmuICII a^l*h 





olxU «—IJaj la 









aUll £-> Jil Jb 


Piston Pumps: jiU&JI olj (V) 


iliall Jj^Ji iaJ . ^_>uLjS]1 ‘ '*»■ ■“ JlIC- 4jlIjii.uVI ^-_ j i : i Jajlj CjLxoUail oilAj 

. (33-^ ill IgJ . yuljSlj 4j]llll (jA 4^13 Jl jiJu 

* * 

. 11 ' V) Jli . Axhli i_iia eLJI Jill ljUjL/X Ajailil 


(J^La. 77sLlxll (jLi (jLull Jl 4 In ■ >V*I XlC-J JjJkAll ^ 1 *>■ r. (_£}Ci. Jkll aLJl 

<L«ij ol 1 oik II olAj J j\_y£iA V* —O* JJa. julall Cc. Jja . ~t A 

. a'lLall JJSjil ajjiiunll OU.a>~ill J Cll ullnli ailA . 


(Rotary Pumps) &jl j oil oLalbJI 
(Vi) JSi jljjJJI Jj*lcotj«UaUa)l (A) 

Jil-lj JjlJ JjjiaJI lj-*L*jl qa (jjSli JjjlaJI (jljjAll J>aL& Cll j Aj^JJall 

^lndl . AjljjJ lie. 1j^U]! (jjjla. 4-a>jlj-a Clli AillaJ 

c 

4_C v _>ui L_UullU aljl ^Lijj • ( nln~U4 J.ll 1»J Jc-V «LJI ^-9-lJ JjJ^I 

Jl ^Li_aJ 'V JjJ^I ajbVI Jj-«Lc. 4 Jin : 4J j j . ml 0_)- } }*J ((jlJj.l]l 

. o*li£ CiLul 4 0 AA (jli A ftKlll .^p-Sl jl t jllaalj jlaVI \j 

C t 

. (ajlull jl ^>iJI £jlk) (jiajVI Jc- ,1a.jJ Ollailail t>. 1A J til jajJ) 

Axial Flow Pump {V a) J£i : <£j $*11 JjSJUll £>'j A*oUaJI (*l) 

J jjbj Ala-& ji ^ab ^jic. {Jijj uS jj (Jaajll ob a j^U ali «oa ,ji 

^ jaIIiK 3 a i * ^) (Ji-ui (Casing) ^a-uj lHuIj 

kc-jjji a] (_>Jj oUJt (3®-b <iibJl . jij-ill ^alaJl «dxul_^j aLwll 

t 

. jl ale. jji 




jjIjJI ojLJI 


Rotary Pump (^ • t) JSi : ojlja;i<uaWI(P) 

sLxaD cjjmoaJ (."liW j . sjljAll oi l all-til /)-a jjjA^JaLLall jJ ( ^ * "^ ) cJ^ 

* 

jjic. |_gj1 ikl ^jill 4 iaIUII <3 \jL Sja • -ij3all jl L ' 1-v ■■'" CjLolxAdi Qj.1j et^Aluixt A i*s2 1 

C 

4 UJ"^) 3*^-^”“ ((jLuiV olajVI Aajj£c. l a j'. ,jauijj 

>J aj.a'1 ia.a Aii-aj 0*133x3 A..V-1 j) tlall t . t-t oiji A-X .'t-ial ASj-C. 3-ui.v i U^jLsajll j al j,'l j 

. t-.iTt.ui31 t_jjLa> ^jLc. (_jjClJoa-l tijxjt Jj3a3l sjjatLo djijJI (joij ^ Lai d-tj 

C 

4jjJ-i.aH oLlcII <xulla jit. ojljAll CiLkA«aJI . c-lj^VI £Jjilll oj3 L_A3 jjJj 

^3 ^AikAmJ V j’j j 4_9 j*j AjA-uJI i— ijlijil 1 llmJ iADAj 4Jkl Lc 4jL*-*a aIj-a ^Ic« 

* 

Vj Ajjldaj AJJ-or-u ^Ualilj Ajl^J Ajal mi ,U ^'_ji3l li4 jLiWj j>UI ^ a -nil i—tJmjl 

. I A 0 —A * (joj La ClUalLil o 3x4 «cli£ . aJAj£3l Cllijirtlll 

SjljJI uLLux*13 Liljo* 

* 

!jS Xiqj LgjLa ojoall O-Xgj Ijlajj .^XtaAllI Ajjlj Igjl dlXa. J_l.lrv.-tJ ^Jt ^Liaj V * 

. AjJJjill l~ll v-.X-t Ji j| nj ,,<11 l"'l v J*nA J V' 

. 3 ^ * * * 3^ J jji®" jaan t .all jl yjj'll £3^)31 .XiC- OUaU-Jl o3x4 aali£ * 

.AjJJjjII CiLuILu'l) AJjILj t,„ ijSj^il aLjojij (_yijl*oa l$J (jail • 

e 

. i— li jlv.X-t) jl dlliXal'i (jjJj ^Lrgiua j Cxxlj 3^-^ J&J* * 

t- 

• Cy* Aj'tAaA3j (Jiiuoa l oiLal oLlJI jXSjil aJ ml l^-aliaj*uj * 

. Sjljall dilxwx*)! i-ij4c> 

A 

Ajaixj^ aJjVI i_ixJlSli3l * 
jajjxllj dlL» 15313 |_JjJll (JSblJ 1jJa3 Ajiijjai AjUmtajl t_ix31£j • 

e 

jlj^ll 1 U ■■' j lillSi^Vlj (_$J-x3^ 1^3sU Aillc. A.lLaT LgJ oLloi ^r-mrl TfLoaJ V * 

. AijiJlj CjLalill 3^) 3Lax3Vl t.„,alu Aa3l*JI 




dLllf J j_X4juI £4 ~v 


uJ>* <_J>-a 



Rotary PumP o-xjilU (i_i) < 5»*liJU (i) ajljJI (> *n) J&i 

(Centrifugal Pumps) :( 4 £ C*Uii» - T 

. 1 $Lr . ^ ^jS >«!l ajJaJI oji I JjkJl Ljb-alb £• I_^ji jtAAA 

c 

A±aij jl jjaJI (jt lajju A»a.ij Lu ‘(_£jib jmu< ^ ; -».^.>jl a£_>b. ^^lc. Ja*j jjUl 

.jljall jUiL«I ojjlail 

u ! JL?^ a^>lajl a uiU-i (Casing) Aijc. ajlj.ill 

Jjia]l Alauiljj 4JjjJl jtjLb. bL-I^JI jjls ligJj < Ajjslla]l <ijX- ^ dLl* 11 Alj£] 

AS__)*il AjsLoI ab^a £3.il (_£j-aJI Ini/rtll (j$A5 AJ-lic. £jbll ^■Ijil! . ^jiu ^1 

^2 . abdb aliaVl ^>3j] LolUaj t ^jlalJ A^jjk ^>3 Jx i UUa Ajuatil ^a.Wl . AaJiS JliLa. 

* 

a < allall Jl JjU ■ '-■■■■_) Afiii^all bsjill i_}ib jljall ^siall jl (_£uj 3I a^lall ajj»1L 

(JjLuJI a_^L ^Xj Aili J^>Jall o^i Aiawljjj j^>vall ^ JjJkjJl ivil (J^L^ 

. A ull-ill 43_)C- L-bla. (jic. Aj>j3 

^ * A^ (JSillI ( ^ * Vj (Jiill i jJ i$j-£ J-°ll A))aJl A X aIIs Ja£ 

* 

jj-slc. ^lc. (c-bVl uL>j J C t A (jt jj aj dUI t_u£j3 aJLx 

jjX i pLJI ijic- isj&j* -bA* J j4 *j < ajJLc- eliVi _^jaal ojSjj Jj3* 



£J| J oUil 


k» *rn ai_JI Jn -,-^.1 lil&j . c. uV’l jlija j -- ' £jl_il Jl aLJI ^lc. a^J ^A_dLc- <Lc.^uiJ 

t C 

Jl &LJI ^ 2 Jj la*ttUVl jI-Ia jrjlii t "A (jl yiaj V AjV IJkj t^jUJI Jl 'nAJia 

t 

-ki-aJI . Ji_uil ,JJ iji^i U i\j,y\ L j-a A_ljJij| a Jail 1AUJ l a,S,l'i i. - li ...J Lu ( ^jLaii 
£TjLJl Jl ajall lijaj JiJall '—)J JJj ejj.laJ IJaj t JLjiI J] aLxall j*j-J (_£jJI 

. DD' ^ilui-4 duiijj ii sLuijl (ji ^ \ * V j JiJI ,j^ Ak^VJI ^jiy . *UVI i— jIaJ alii J 

(■ t 

aJJI AJiUo i AiUI A_C-_j_w jLii AjILc. A£-_j*ui Cjlj e-ljVI J^-l A-iSAiaH a Jail (jV IJaj 
. a JJL JLJ jl.l_a) Jjj aLjl JLiiluiV j»Uaj Aj^.j A)La. J VI .liL&J Uj Jjj l JI 
aU-alL JAlxJI jjj-a. JlxSj A_^jLJ| a Jail Jl i a ' ■■■V ^Uj ' ^ jJ Jiill IAA ^2 . J * A J 
Aaii JJJI JJjAU 4*UVI JJjJ ^ V.X) .{.laj tljVI AljLaV £-jLa ajbj A^aUj AaJ jji 

■ 4..% ~' I •' Jj£ Jj. 

(Straight Vanes) <£«■.; fC-Jd JJJt Cjlj <UoUaJI 

Jill (4 J in i a) 4 n j S "i..' a £-3 Ia 1I jjJJ . ^jJjSjall Ajail A j]a r- A I oU-i Jjl < J 

Ja.aj . jJaII Akj aJJII tjljJl t_^JI jl ^slill a_ia 1UI eialijia. ^ ^ J 

jjljjJ . ^jIaU ojIjAJI ^_pj_JI Alauiljj JjAj CJJ-a. ^jUI j£__^a ^yS Jj-kJI A -y "' * [_j_« aljJI 
CjjA^ Aic-j . njlj] laxa^all ^Jc. inii/n U >ti~) i_$j£ J-a A_Ja ajl JjJ aUJI 

-Lall (jll (_JI-C kj •>! j A-JjLc- A-C-^^-uU ^aUi ?rjLill t _ s JI al—LaSI (_53AAi]l 

, aLlall - *i A u.ri Ciia. j _ s JI ^ Aiaj JVlA. >j ABjali ^JjAalu 

(Curved Vanes) j < Uu JiaJI 

Aj^allal aJ^IaJI frljjawVlj tUaill . ^ Ai 1 J '' 7 -’j i ji AjIaoJI CLixA_a_Luij 

J i ill 1 (Volute Pump) A_pjjlaJl Aa Jlall ajLc- t A-:~i-> 'a (_pJJ Jjlail 

-jljill B JJ»JI AjlJlS Jl e.La!l Aja.jJ *Ua*)L Alaaj-a A J_j_^JI ajjjjiLa . ^ I ^ ^ 

aLJI C-ua 1 D ijjA^aJl AjaU Jl B (jjJI (_y a eUJl A^.jj JIJ 1 C AaiaAull Jajl 

J_<a-«31 JiJ J -_ 8 J i^ill al—ajj j %) al j all i-^lj ■»■ * 1 ' JUI JjjA £A . jJL^ J-aj* (J 

. F I AL-aj Jl A^jjj ^aUl Jj^ (j^a >1 i"ij% E JjJlaJl 

T\<\ , 




»LJLt jjjj Jij Jj-Jjl 


Volute 

lU>- J-*J •»' 0° ■• « *>>J J jlj-fci-yiUj (Jj-a e-iiL (jiaJ-oll jA ( j > ) Lail 

(jjll 43jjJl jl cUaill (jiiljll (Jilll jA (jjjlall . (}y j LJb <jjlLa^ Ajii* ^Jboji ^3 

tlLtf ^jjlaJl JS41I. (Volute) jjUll &;J ill oli ^jS>i3>11 4>U ^sblU 

JjUl ^Cj_uJ > j'--° *>1(j ^aJAjall Jj-a (_5 jLulL« 4X -jjji ^jlc. aJl l-IwUjj 

. jjll 4C^uJl jA IaA jj^o ^ia_)i]lj . (_il^all ^11 £sl.i]l ^ja 433AJ 

jLij .Uadi 

j) Iji# X * £Sijij ajJjSlt jllaS^U ^Ijll (_£uj]l eliaj) ‘ «•-»_jl 4 ja lmjl l j 4l^uJl 4_ftj_>3l 

. ^ M j Jlill jji TttlajA jA LcS 



JiLJl £ljjJ '.■; ■'■ C iA 4 A)j-nil (jiujll ■>>' -UAiial 4_uaLy.Vl fJJUaSI 

Jk jrjUll J! JJUlt t5»1 JjWl S>s . (jL-hJI <>) fc|jk«‘yi o'jJ J ^ 
4£.J^ Siljku/'jll (jljjJ AiC {Tjlill JSAjII um L*j ilci (jll iiljkui’lM jIaa #UjI 

^ j] I j Aoj If* 






J Jsu j-i-wl b jl'-i't 



U^ l Ax*Uall tjk jJaSxj (jtyult) fUaiJl jjijd) JjJbJl 4ulh £Uj£* ('^‘) j£« 
iSjill ji fUaii) Jiat luw AjjjJl* 4 >aIU »jLc 



£Shll <UiaJx!) (jSu^l (M \) Jii 

* 

“\ * £jjVl (jx j-lc- (jJi BJjWI • 

Jb a l. ttxi'i ^2 • 

s 

4-a.jV! Ji«j (jjll o'uia_ix!l >. Loijj i BC jlaill i— Lxu j jS_>xS B • 


. jujil yyi 



J_>ljJI uUJI 




IAjIUII ClljLiic.^U liila LuiLujI pil i_sjSj-all CjLa 11»1 ~ '■■■a'lll 

. L_ta-u]l £jjj-» jl jii* i^Lall * 
■ r jljr* J Jjiio * 


J ;» »«a ^ |ia»j jJA -Vi ■ iVa ^ la*XfAA a. l ^uala—La '- 1 * ,H I A ,V-i ■». S. JI * 

. (kSuja liiu>i^ 

. £tll . ..aUaill t^jjVl Jii £31.111 * 


Single Stage Pump: dJu»iyiAU>lCib<u a IUI 

J__ / )Lall ^slill QC- ^uhll Jai-wtall . iaxd: j!a ^jiuLal £jjl] .jA p liiA 

ALkj_* jj^a £31.1} _>n» ^ 0 * jll ujVLaJI cH 3 *-} <_y3 • Ax-j-uJ] aJVj jA 

t J^lj-Jl alla l -a A;. »lr-ilI ^.lalluu jXa ) * * (ja jJiSV £i.lJI .Hxi AjLajdl A. La 111) ^ 
aIajJ! aIL^l ^ j-ij-jj jl j£*j (Single Admission) ei^Jj a $ > qa 0 L 1 JI Jj_aj 
ii CiL-ttUall (Double Admission) j;"^ 7 - j* aLJI lilliSj jjiU jJl J o.iaJjll 

. ( ) ) y ) (_&“ (jjiLkJ-all jt Aal _^11 ALkJ-sU jj£} 

A ij t iTi (jiu ^ill ,*jjll jl A j aUill a.l-a.lj A_£a. j^a all-Jl JjA. J l_ua1I 

,Ulc jLa£ jjl (j 7 - j<a aL^all Olj i"'l \ « 1 UU . wl;■' - j ' -- * jjji: *r >*-—»\1 \ 

£SIa 1I jljj] jA j-LLg-> j* aLball (Jj_a.ll ^_£J_aVl aj-ijl —AH ..jlLa till .C. i-LijV Sj J j£ll 
j»JJ Cj'l- j - a Ji .l_al i^jA Jj_a.JI A_g_a j^ l-ia,-..V-ill jV lilljj ^ Jj-a .a eLaJ LjSJjjJ-jA 
. ^iljU (jjjjVI tll-lajj ^J^i\ A^all jx alial! Jja.J ^jlill iilall} AjLlLa 


(Multistage Pump): oJJju« <u«JLyi 

t 

tjljdl ^3^1 jl JLc- jf>« <'n A ia l,]n ^A aJ 1 *Xa jjall A i«1L 

t It 

a ialn LuLuil ^a Al^^a (J£ . i ijU-tdi a.,aj s 1 LLiL 4 ^L!jj jl '~t qa ^sjSjj 

ttr _ __ 







£_i!jJI oLJ! 


Jj-aJ A3j . bjIaVI 3jaalc. A 1 I«-1 *>■< ^iljAjlj ^cllajtjlj t Lc,jil c ' 

J i a A tii j JjVl Ak.>«il. (Single Housing) A_alj t Lx.j ^ A (ji*. JaJjJ j:lc. 

rA doll jjJI .^Aa. iajt-Aal) AIaJjA i Jj-a. AlI ajij^La ^J^La J Uj-»all Jja aj-uiLia aLa«ll 

jLljj ‘ A_Jl3 Aia,_^a (JS • A ■jlL'iSl Ala^jJI ^jil al_La!l . aA-a.ljll ALaj-all £tj_a_tao]t 

. Ajallall Ajlt A flam <11 ^.ajJbj ]nx »'<r>ll Aic AjjLgjll Aia_>«ll Jl aliall Jl_^uaj Auu-aJl 

Jlii! J ^Aa y-a (Jal_>«11 oAA Jcl A CiLjanllall ^jjaLxiI (ja j AaaJj a Lai ] aLi^l JAj 

.(nr) 

oLjx £t_Aa J ^wlj (jllai Jc ^J-aduai aAaljll Ala.jail Ulllj (^jjSjall Ajlall oLlalL 

. oLlallj jlia^U A 8J a «)lj Alxdall jLlVl J ^ A Uj'lj . i_i^uall J liUiS j l_j j_ji]l 

t t t 

1 iin Laii JjjAll jl (jjjiill j! tbj^11 j\ e-lJ_4jl) Jaj»j liijjkjij Jaju UjLi-ollall aAAj 

£ f. 

a i_jjD-i all jjSkj laAic. A_iljiijl (_Jj_£-!iU jl A£.liu<all JaJjall aAAa-Ia i'il \ *U-U 

. Jle. U».A>) eLall tj* ojjiS Ol; .x £ 

(Impellers) :CjU3LJI 

i (_£^aVl Jji /jtJjl) . ^sIaII f-jj ^Jc- lJ> 3^Ajlall AjaiJa aeli£ C_i3jil 

( c 

£jjJ UjJa jlSl jl AujUj Jl Aalj jja jjjuj A3 (Jijl AA£- . AA_na JaJLAj uj# jjla ja 3_J 

• £ill • • jaaall j AaAaJl 

(_jiiJj]| /ja IaA . ^ I ^ £ 'j iJiAill ^^3 aAaljjl A-uJ^)]! jj AjJiiJl ^31 a1I 

JjIajJ Ajj_3 A ) aUi ilkli A_Uillu<all AA v£d. aU ^tAall ^ Ajj jla 1_jjl ^ ^A^AauJ 

. AjjJlc. jlj^a ^I jl Ajln-i ^atuialj Aj.aj' jlj^a ^lc. Aj aiaJI 

*■ 

j_jAli jIjaII jl Ajj j£. AjjlaA JjIjaJJ i iuli<a AajAi^ll £-jj 

£ A 

. Aj^jlail Aiiliill jiVlj aslAJi jiw) jjl 

al_l_A jl ^-a. i jj t^JI Ajl_a ^3 La_S a u.^ll jljall jAjjALa^oll 

^jll A3LAaVLj Aa^JiiJ j )]l ^lAaAix'lJ L^IjiAa jiaj jLa^jll ^a A i ja jj - ~n ^ ._flj^aaJ 1 ' 



dUI j-ij Jaj ywlJbjt-i -> 


(Enclosed (jl *dl ^ sIaII .d ^ _S<j * * *»■ j'* ■ a_j dJlj o ■vj-jd! caL»jIa] 1 ^Jjjl 

^JIaJI ,i< . a ulifllj J»»11 a * j Ja ■ '." billjj {^ Or shrouded) 

, Ja^AaiVI u_ij jia Lj ic. i_i3yj jjujlt AA&j JfLi . AjViva CjU JlW'd (jiaLtll 



^jILa C Ajm B i £jjio A LjUilAh (jA iyi (^°) Jii 


Ljj! LJiA Iji ^jJI ^liaj V Ailicdl ^IaII . L$jplj£ ^aX-J A*ij_)A I_ijUfajll L*llJ V 

A-lILc. Ajljl op-LLS £la AiUa ^.uailj pIaVI a£jJ l$jl IaJs . (j£au La j£l (jjjjli jjA JlLi 

A 

. Ajjji JaX. JiAjtjj AaJsJ V l$jV Jlai AlAujl Ljj t"'Aa-l Vj aL^Io Ajaaj bAa! 

Flow 

eLaj] jjJ JjLuiII ^^-lc. Jjh** 1 ~J1 ^» AA Wj | ^ *l) JSai a U (jiAAJLl £-SIa]I 

LaS jjAj bLaII jJa bjjiS CjUaS JjIaJ f >«».-i'i CjUiLlIl ijA IaA .(jljjAJ! 

jji Ojlj-Aji-A (jj£j jjl t I'W A AoUbll . ^ *k .u-ilt i—icL-ij-yoJI <AjVL* jji 

c 

. bUaII ujVIa. u& i_j*iiliA jjx. Iaaj .djlijVl £oaa, 






£->1 jJ' 


al_Jxll (jjo A A ^ d dll J o.£ Jjl-ldl % 1 mi j W J&j lill, -kali ^ji-idlll ^illil 

t 

(ji-Iill hi AJ aL-sll jjAtdio £jjj|j A-LUJI AsUall dllj i~'n,»U-U -^.^.* A V.aA dlc.lijjY 
. a«.US]i ojbjj Ajoll->ll >aA (jljjall 4 £.jau ajliJ)i lallA. oil 

lSjj^ i3*aj 



fiiiiyu jilj (m) jiA 
fjps i ^jic jj.fTfcii 



Balancing: jl jjVl 

AjL^jll jji ^x_SJill KtJa_)*-* dLloH*!! aJA . Aj_)da ^jc. aduo ^Jj-S^voil JjUl A i a 1In 

Cn\ ^jl^ll aJLs. . Jodi liA aJjLhaI La AiL^la jjjl Addl (jinj 1 (Bird Thrust) 

li>Jj**'#ldVl (jjd (’l jlo _)J£- £SJ l~).1->j l ajdj A^^ qa aLioil Jjdj 

L 

l-ta Anil A V-mi J-i £SJ '-* } J_ydd c_ud, Jdl V dJj t Jj-daJI >.—uLa* j a i 

aLU ni oil dUalall Alla. ^ L»£ t^^junDI (jljjVI) Jio jljj^U ®^ c ' ( —^ *£iUI ^it 

. ^£tll ... jljlVl AlLa. La£ ^Kjoil jljjVI ji ajldoil) 


(Natural Balancing) s^juoWijijsyi 

(jjj j jo otj oil Jj_i.aJl dill dll 1 M - 1 A. ~i ,,/■ ^xAjjall (jljpVl j-a |r jill I.1A ^ 

< » 

JdjJI dilj jl jjaL>>j oil jl (Singlestage) addjJI AdjJj (Double Admission) 
Back JfrLII j^dl ajdj a ^ ->. jja Jjdoi! dill dl_jA ^cdajJ | ^ ^ A) J<.'U , s Ja*dall 
^ XajLi PI j P (Thrusts) ^iJI <_£ji J£dl . jjg ^ jo Jjdall dill j to Back) 

. La^da (jSl jjaSl*o alaj] (jij (JJy ^a aid) 


Y TV „ 




oljJ.1 j Jaj j_uul^a Js^ laA 



SjatjJI 4iaj*»SI Ci|j 4-ulM (jijjJall (jljjVI p^A) Jii 

oU*SI J^iil (jjAUjI < jib j! Siilj AajSj joLULb ^urSb 



(jjLlil* 4Ja*al>j wlj AoaUsJ jJall £)ljjV( p^) Jii 

U^lii* 4j t i i a u«l) ^ £j|jj (jWII iJ&j C4* 4 


£jl jJI ujLlJI 


Cilj oU-JUl ^ p^u^ (Opposing Impellers) aLUm!) cjUabJl 

^ 1 *1^ JLS JaIja dib A uUall aJIs. . dUal^ll a ah A. - i*tlajEv't U'L. aj.i*Acil 

Ag-a^ L>« tL>b (JJjluaA ^jjasbj > (j-a (J^i.^11 l'iiv Jaajijll ^ j-a QjSjJ 

* 

• (Thrusts) joLdVitaH 7^^^ ^^uVi * oj^Jj 

< 

QjSij ( ^ * ) (JS*1 (jlirfL-a'I Cjlj A 1 ali-il ^3 JaJ l j-a ALLiLLall 

f 

Ajjhli ALkJ aU jJjLISIa (jjaib Jj VI Ala^all yji j > (j^a JjaA]I L.ll\ i»A yA £flb (j*a 

Cjlj A j -aU-tll (_ji h?Hy S A -v ,'^j « AjJjUlj . A u) al %11 j A_»j|jil J^lj^aA]j AjllU) AbkjjJlj 

.(U>) JSi AjJIlUIj-SI 

(Mechanical Balancing) ySLML II jljjVl 

aLaj) AJLa % a oLalil ^jS jjljll (Eye) (jJxll (J^_a> (Jjl—ujl (J^Jj 

jji (^1 ClLcIjill j_ji (JjLuJI jji A aj a-v £?jliSlj (jjLgj £9.1 OAaJ li^Jj ^laj^a 

^lall ^ » Jjjkj-a Ci^ ls jill oiAj . ka Cub jjSj (Clearance spaces) J«»)j_ill 

• aA4 a..^Vi (ShrOUtl) pUafc ^Cxj till jj A -. j~\a all 

AJjiJI ^2 tLall (jU ^ Y Y 'j (JSjI [jSAil] AaIjJI oLab VIj tUaill Csb A Aal 1-til AJla ^9 
‘*<1 jjla. j_sU i D (A jiJI ijS clslc.l v >ill JVLk i_iL=JI Jl t_i_^uuj Jo»i>i C'Ci t>-y jl 
<uJJ ^ytl-kll cUail! L_iia jji coLt (jjfb ^IaJI . JjaAII aLajj jjll C (B i_jj_uiCJI £-La 

(jAjUaill jli lA^Jj . Vii.iV*i ajj clij (jjju JikA-all J-^ J_jJ-alb CJj mill 

. cliaiJI Cjl^Ljua ( jlc ialLLaj! ^3 (_$jLuUJ 

(Construction Of Pumps) oL*Ualt Ji 

t 

Cilx*£ Jaia i'Ui.w inilj yiS jac. A) <Ua dulS JjV l ^ 

* 

<■ ‘f' A J a p l^jl a_a^3 tin % UjJjiaj pi pi . Qai via 9- LijjV oLa*11 sj j 1 £ 

* f t 

jjlc. <_jliu]l Ajl V] (jJaiaa-all ^ijll Aj^lia Cul£ JjVI C~* >1 1a) l-ii I (jl p£-J . ClLalAAOuiV) 
YY1 - 



oLlXI 4J J Jaj io 




(u«) jsi 

* i «Ua I (jXiJa 
Jx! j-» (jn« ikll Cil j 
o—• £Ju 'Ux—I j_j 
qjLi iu\ jamjjjji 
Jsj J—xlj JaXx 
jiljj (jL-jj (>*}) 
A —I k —ui^Jl Lj —$ 
Qilkla 





(>n) Ji4 

A j n'hl (jXj, Ja (jljjl 
Jxt >_ji A— 1 . ,.m Clij 

2-i_jji aJx-u1>j 

Jij-j cjij uiL*_alj 

(jUyj (jjAj) ix)j 

4J .kwjJI (ji gjljj 

Ojiixi* 



oljttl (w) J*A 

AJauljj tjji ijwJI AxtUaJ 





£jljil uUl 


aLall jm dujk . ia.lj ijbl jsj^aLj jiSI jl (Jj *«jii lb* 

sJl-ljiJLa A i<aUall] Jic. ^^lc. Laij.tn.La £3 jJI JLa-aJ a iLuia. £-a JliJilb £>Ji_a.j 

* * 

Aiji jl ju*.Ij tllac. ^ QjS: lUIj- 9 a-ie. <jli LlUj • (Multistage Pump) JLJj—all 

c 

. A na a (Jjaritj l_ijjiai ^At^aJ L-lic. ^jlijll Jaiajl ^Jaau (jjjSjAII Jljiall A balk . sia.ij 


(Casing Or Housing) .UaaJI 


* ‘ 

CjI %'l 1 Jjjj £-a jl (jiiVI (_JjJLul«11 i _ J ic. (jj'ln.La jja sJlLc. 

JLaIj LL.La Cjii La] (_5j£j<al! JljJall CjluUa . ^limll a-jall £-« (jljj Urta Jji^JI 


(jS jiLllI Oj^jk ait ^l^jll £3 a)I (jljj'i? (jjl-Q.aH CjL A) allall jA JiVng^lj . jjl-*- 1* jl 
£A-u U ^ f XT'] (Jii latll (_LuaLill . kjjLa. ^jlc- jl Jj_k.lH k—llLa. ^yic. l-» it iVn H 

t 

tUa*Il ^J a wt jll . (Jji.lll jj^hIja: (Jh1-«ia 1I jj.ll A-jIkl-lll c]j_i.VI Ail jl AIj j <al 

k Lj ijlj jia^all iallj *k-o" l aj.--'ll i xiu (Offset- Volute) L-iLall ^ 'yj 1 " w ^ 




i(Impeller) jiloll 

ijj»<7ull "t-L *s £ya A ao t j Lai biljlj j>l 1-k 1 mVI I _ ijjia] [s-ba ilLt -J "■ — ~i I — ah S.j 

jjlc. aliaC. jj.lj] j-jJiLoll Ajllc. opliS jjlc. Jj.ia>-» 1! jjiaJ . A 8 Kill Cjbji-i~ialj 

t- 

(JJiij cliaLV .11 >11 ‘. ‘J-' 1 " 1 !': tfilij Ajjaa L_ijjia OL) . f 1 — i X £ ] (JLj ( jjJAiLJl 

t c 

^il-iil •%. 2 aa j .^ahll <_iljLV (jj-aall i. ijl-iLlll ^a ^jS-aj La Jal Jj A_iiiLaJI t_Lalj_tll 

CjVLi ^ Lai jjJaLia-a ^3^)1 flLAjall (j-a aJ-l, iS C i !_ia£ Jjliul '.i Sail 

c 

6fLft£ ^>^1 J O » 1 (C — i 0®] ijiul (Ja a all ^alall . ‘~'l ilixll ^ aLall JJ_jL l aLJI 

t ■ 

^sljJlj CjjLjI tUaill [J JJ k_iLlVl ij,* jljJl ^ailjj £Jja! ,-»«■ ntj aJja.lj iia.jS k_u«ajj 

j^yt ^ib L '1 L-'t ^jJia \ ^a Sa-a.lj AjLoJ jj^a C-lj 1 ><•» a JiL-a ^ab . jljJllI 

c t. 

, AiuLa aCi jl 


JiijJI jj 3 La£ (JjlLall £kJ\j A \j a a .J-lLaS Jjc. l^Jc-LS ojLj] A loU-nll fA.s-a Li 

■('») 


rr] 




^ uul ^ 4 














ljLJI 


Instollation 

t- 

Ij-uSjJ ^jL Ajla ttbVI A «J ill! UaL i_lailiall (jjjSjkl CjisJl £jj jUl*.] 

ft 1 8 1 Vi j AjjVI iJkjjJ] buJa lil] j pJJ . (JllaC-VI A-iaj c-LVI ocLiS Alai! t <11 Ajli*J 

2.JU 1 

Location 

^jlc. I flni 1 ^] »cLuaVI jijL £LA l^J»-tt (J^lnll (Jj mij Uii jjl^all Jl A j aUill j ^JJ 

^iC. jjSllj sliilVI qa sj-1 A_a^)J 1 all iS-j^ J__)kll A jalli .^cjl ... tliljlj^JI 

6 

. ^Vj-aVU jrliaj CiUiSj iiaj jl (j^AJ ^La 

( t 

jc- ^LiJjVI itjl Jjjl A-a.j.1j ^jjJI Jjlij . jl \ 1 &V1 £3jII AjLu-a J_LjJ jl (. la-j 
. oLLua-all Jjjkj] .iLill (^.liii iJfLiJz-A i^JJajljkl ^ -JjLull i J UC*' -. N1 t j ^ < II c_lj> .n'iJ 
j_j5b vj f_)b bv£ • u^J £3^)11 JjCjk ijjbiil! Ai-m\1\j A,j.,«lUll (jaj Aibouall (j_jSj 

. aJLlUiuj - ' a • * _j jj- Ij^’1 A*\ lui 

CjI a. 1 ' w-illj al j %VI ^j-ai t/xi *1 jjlc. jjljj jjfbj AjLoij-aJI jo« (juLuiVI j_j5b saLc- 

* 

. OLyajU IftJJa Ajlui^kll ^3 y V W 1 \L->a l\ l_fl iL* ^±a\*uij& . lgJj.1^ 

< -- c 

jl i_ l&_> obLuLiVI j*»^)_xl jl *■ ,\1 ■<^,11 ^jLLI t-b •" **• *''^ “'■Iba. jjj 

^jjjull £4 A^liiuiVI eLc-jji ^oXaC-VI A.ji.li gjll J.j a-v'i'l oXaC-I ^jlc. * XttUall 

C £ 

I £ AsLui^J ^ Lai VI Ajuaaj L ^ ^ 4 ia]Ii\I ^lLaJI C-JU^jl . 1 nil <lll Cibl^a,] 

. (Grouting) a La nil ajU*I ^Ija jJ jj] Lijij Aaaajj 
:(Levelling) <uiiVl 

A 

eJj^ll ^ooa^i AjjaVI Ajj tu tllj . eJtc.li!1 ^lc. »jbVI A uallal! QjSj e^Lc. 

dljj . sjtf-liil jaaLia u_iji c-iLJI ^Ijll (>» (Levelling Pieces) aj^ou ^ks aI^^ 

A a i L A oa^J X — ^ AsLaoJI Aa jl j__juLoiVI_j edC:Li]l Asi*■ ’ . A iil jy £a 



dt-J.1 £jj jj j Jii j.i *. j \ yz J s afa a 


-Ij-aLc- e JJ 1 j j»jj aAc-ltil Ciaj Aj^ajjJI Ja3 . A i~\^ ,„V1 AjjAji 4 i.U -.1 1 

*Lc-l ^a £j» dllj i <jisl jl AjaaIj lLuLS al iaII tliLajlij A_iaI]o]I »j|jj 

J n fi Vil a.l^J aAc-li Aj_j*aj J jlJ AJ..;V1 £-x ajbVl JjaLc-j A 'aU-.I 1 jjjj A-fl la'U„ yi 
" 0 La^ ^jaliua rj -1.w-'.,.! i l-^^-v a 



AaaUall »jIjVI JjaICj baUi-.'jII JaxuaJ Ajj-DLa jJa2 -1 w*.,..l ^Yo| Jii 

J («• Loll_j <J-aJ lj iTia ,„VI (ja .Lila ^ <jTi a >hVI a 3 jaSL (grouting) a ±h - -'ll ^ 

X I C. i~.aa.iV I (ya t-JA- (JA) jj£uJ Aj 1'iA mV l AjjaSI Joili, . Jl .. .^jaLoimII O-Lljul 
t Lu . aAf-L&li >J JA-aI Aj y -A• .J.1JJ JoalaJl 4—ialS al_LM A ±aSj (Ja^J jA c yy 

jj-Hil (jlS aVj Ajui*\tH Jc. Alail-> all aAc-Ull r J ,^a._jlaJl Ja-la-oll Jjas. t t m*>" jya jUal 
JaAJJjll lil]3 Jj . liiuJI ^»L«lS £ A aia! AJaL *v"'ll A a .L liJjjj ^jjfi (JbaJ 

. ^IJjaVI .laJJJJ A*Jjmj ijjjull jJaLam Jc. 


Ia^ A jaIUU A -LiA JaS (jc- Jj^jll aj_yuiba Ja3 Jib VI IJ>J __ i y-uil_jA 

t 

J=* a^ljj ^jjL aLJi (Jj-^-2 aj_^«Le Jl A_alaJl aJLs. Jj (j£-»i La aJ aaLaj ajj-^a^ (jj^J 
(JjLaJI L_lj^aiA (jj^J La-iic. . AjaIUI Jl ^j±3 j^aLaj a • sj^uiLall 

st f e 

jiaall L_il«-ual A*Jjl ^jjLuU (JAO Jl Jaxj jjl i. JaJ ajj^Lall A_iL^ 1 jjla t^j!Lua jjJ^I Aic 

< * 

. ji V —Y (3^1 J-AiJ (jl c J>jS 11*4^11 jlaAll ditj JXwjIj-oII Lfti t ^djuSJI J 

j\ LliVbl AjjLula »1 a 1 " <1 i. ~ia A_a.l m a jjj aj_pj.'Lall AjL^j Llj^ al.a-.-i a 

aJUI ^yajJU ''•■*- (FoOtValve) JL . Jji,^]l JaLa A^Lia! Cjja 



wiUJI 


<- LI >')1 _jjllj jlafill Aja.U j-a ^Aall (Jill't ft jIAlLI Ajliojl L-lau lo£ . «^Ua~i Jl J iklm^L 

. J^U. dllS^Vl Audi 

t 

’ S J,' *^ >a 03 ^ *■. 1>j j-j i-i lj^x <Jia J LjjMjaJI :<_ij^all j'. j!j j 

. tilfev VL Audi l jSjol La ^jLuSdl 3° ^jlLi. j 

jiAC. ■» ■ 4 jallill i—Jjii >- * ~y J ^J_C 3*ul -■ »j (JftS 3^jl ~y ^ ^Aaj L 1 ~y j La£ 

3* Aaallall aIxl! lo£ t Ajjlall Ai^laall Jaij jj ■« V'll 3*» (Casing) Aiollall ^ >oa lajlaj 

La Tie- ^j3aII ij^ujLa 3a A 1 alia]I L-sLajV Jill! 33 ^ ^ » A ~i ,.,j ^$L%j'^L 3a-<il 

t- 

^vL-ol jl ajLu^ i^UjA 3 j£j 



(>) 


(V) 



(UV) Jli 

jjS30!! j^kll Axolk! joJaauJI 

Aj_jA £ij AiaUa — I 

t. 

">LC.I (ja <— i^eali — UJ 





»Ulf J&i Is jiai 


Operation JJLUI 

(J£*> (jUj 1 ^ cLajj jl.j 1 1 ] nyl AjiaJt A j -»tL cAj (Jjl3 

(Ball J/iA vil l dsljS .(jljjall obajl a ^tUH ^ ^ic. -^11 - bj„'° ■— -i " 

e 

J±i frlj-^Vl JSJ jJuJiill L$j (j—j-Jl ( >j -a^Lill dijj>) Bearing) 

. bjAj ^alall jjjAj (jSaj <«.JLi 3 t 


Priming: j**ascs3\ 

f 

i eUib LaLoJ iLaj Jj )>IA 1 jjA-i 1 fltj* ' j,J lC i_a*J ^3£j^!I AjJall A_l*lla 

t 

. ^LftiU <uU ( jjl! <J>ia.lxSl <—kill Ojj]r>k 4 JjU /jj^J 4 j a' Lit <lLi. 

. J.^nA ^0 (^JjLuJI i^JwUrij 


:(.I^JU ^1) ijjJl a.oJJaH 4JUj}a 


. £-lj^)b Jaxj < 1 * 1)3 jl ^ y J£s AljAj <i*ila < f-jOkjuI j»A£. !_yU -v* ^lAiiuil jSLaJ 

iJjS_ui (Foot Valve) ^as (_y>j % * ^ .1 v <>ij asj , ^1 — ) XVj (JS*i &A-J1 (Jas (Jis ^x> 

a \ ^Utl ej^il J^bi, Jj-iall b_j_jjhL*j a 1 »IUH >L£ >bu ■'»•> ^ YY^ 

0 J_^ujL* (Jjia AjLv, | j2 . A_)jAj A-juIla Ajamljj jl JJ* 1*3 oL±« (jljJk (j-'® (*—ij-nall ^ J •>, *^ 

< 

jAL* T /jc. (Jib V (JjloJ A ;.< lh) tjj-i*all <v-H ^jlc. ajj-uL* £*ojj (Jj-^a)i 

f-AJ ^jlSLal ^A-C- L-U t*J L*J (JjJkAll SJJ-ulL* 9 L_u 11 A_Sij_3p £±1 (Joi -I a *U ojJLio ^1*1 

. (JlfcUU.ll 


:A* 4 *Qall JjL«j «ab 

Sic ^slall i^Lj^i . JaxajJI tiiljSl CujlLj -j*. *iij]l dilj a i*mi ( Jj«-uu tJ j Jxs 

(JjjuIj ^)Su 4J . (f-Ulb A ) <ftUa]l ^Xa JljuJjjlJuII ^ Lli a ^iXaJL-uU 1 jla^l ji bj^J Laj £j\ 

lJljjjlaj * (JIsj . AxaIIsII Ajj jjJj > (jnj•> *1 (Jiail a-* jjb j aAx- Aj *U -»11 


£jl^UJI 


(jn; va ^ A i aU-J 1 (Jj_k.il . <ljLa-dl aii *ljjl ^ -' (Jlj_gjl 

:«UolbJI cJSlibj 

i i Libia A-jaUall jail J&k 4 uIUIl i u ji ^j"y* " Jja.j -lie- 

. .lajAill 0 U 4 ji-ua4 (J44-XA Jj L_i__>-all (jaj ■■><] ^Joll £4 Liiij 

i_i±3 iilli aLc-l J-a <■ - Alalj Ia* j hVr\jll alxa JuLfij .iii Caljll jjja* ll A aalHI ■_iijj Abba. ^ 

. (Jji«j]l (jj 4..1l]l 

* *■ 

JJAaJ (j^AJ C n.Ik Jijiall OIxaUtl! JjiJall c-ljjl IjtrJ j-^-laj jj JSLiuJI 

:^VIS L^jLxujIj JSlix]i aiA 

« « 

■i—a.V IjlA (jjSj bJ-Iie- oL-lJI j*ij ^jic- aj.i_ill £k<aJl A_sUa ^ ‘ill — ^ 

* 

. AXaUaU _ j )j<’<a%,'i)l pjct — i 
, 4 ) sU Ax»^uJl — l_j 

. Aiallill Sj^a jja Ajlj aLall £Sj i_j jU-all ^UjjVI — _a. 

t 

■ 1 — © ^j 4 1 _ It mil aji 5 — J 

. jjiljJl jl ^Sill Jjjalc. liljaj l—»3jl L_1^)C. ( *44Ai Jjjlj — _4s 
. ^JHj£».4 (jljj.i]l alkjj ~ J 

■ CJ® A-W1 S-iU) ~ j 

* 

• U“JL>^ (Ju-l ^-a jl (J^-lall ajjaabs i—J j*. 4J AajJ — £ 

. JjLU (_j j»JI U^H L 3>i%'il jjjJAC- allall Jjk J iaa.Va — ia 
.^sljll ^yi ^u£ (_sij (JLo AjSjjl^L* (JUaC-1 — t. 

c a 

. 1 _iLulC-V)j i—X uiIj^L (JjALa jl lAa. /jjSj ^3 ^jill jiaa a ~ 


rrv 




*U! £-1 j ^ (Jij j A 


:<iiV) i—jtiwVI Jjjtuull e.Aj ,l«j aLxll J-lLijl — Y 

. OJJiuLs pt^jl LJJillJ — I 

• J&A *\ — © jx l 1^-ulll — l_! 

t. t 

. aUxli CjljUJI jl a^>ij VI ajllj — 

IjjjVI Ajt^ljx L-jUaaj Ixj ui3_>axll ^^ic- (jjxaa]l eubj — T 

* 

. I.lx ^illc. A&^uJl — I 

<- f 

. J-laxil jx jjSI ajbj “Ulc- i_jjjii Ixj 4-ixlk]l <iUa jx JSI aLxll £Sj — i_j 

. ^ LJjJC. Jjjkj — _a. 

t 

. Cj^aJ ^jl ^)Sa 3 Ajjlc- jjJI CjVlaJl ijJ**J — £ 


Ldj d*Uj —oLiftil (jfC- 4 > aU-«*U 

• * * * 

is* Vjl £ij j* C±£i *ij}l jl jj^Ij-JI jl ■‘LiJlaJI 

. Sjj^la DJ)_^uilx t jAmljxll 



. l_l^<aall CJL3 jJ fJ (Jji-ixi ^jVI <Lajxll ^ <JLxilai! IxlxJ ^jIluII l_jjjjuajJI <1L^ ^2 

t e * 

.'_it <a.H UjMiit jx j^jjl atjxll jl jl j.X<-axIl jx ahxll ^».ic- L V'"'I j_ji 


. Ajxlitll JkAxll (Vacuum Gauge) (juLL» ^>x> y ^113 ajjai j5L*j 

. *■ '■v.-'ll Jjxlc- ( jJaSLaJ 4jxlltll (_ijj.n'ix (jjaiaJ AjLail aAA A.t!l»<a jikxJ 



Jjl jJ( ijUJt 


AiL^ ^jfr 1 JS LjAj jjj-lill CjSjJI ^axjJ A 1 <aUall cjkS^i Ail—^ ^5 

t 

. «.IjaYI Lila ALpa sjjil 

{> X A) J<Li : Ji j*al I Ji> (Increaser) Jj j* <*-*£jH 

(jojla-a *-* JLufljYI . i_jjaaaJI JaA. (jlc- Jjja UJ ^JJJ ^ful l_jjll$]l iLi] .jlaii. j^Al 

t 

A-)..a \1 Li jl'i xj jl L.IT. j ,_aji Jai _l X XA^ (J£iJI ^yi nuij^i J c-j ■%-jll » '■ r. 

* « 

■> «»i>> jj£j jl . A^alkl! a^js jc. JL VI t- '•>__' La£ <JI£jaYIj lis ^^jiY 

f « 

. klijjj* Cl^J jl jlij^a A uli-il] jrj^iJI A_aJii t a«l-i jj£j jl Jlfi ihj AaoILU ^rjjiJI «LaJS 

J£! (Jiiuui Jj a.-ai jj3jJ £-o Ajjj’ill £jjJallj Jj-^JI jjjJJ j <%'ll a ' yJLN Y 

. Jlull jjJI 

Y ‘ J I ^ XA) J£i Jiill QuAa_a Ixj l a j -U i i ,,J'i Jl ^Uall A_luij]lj 

C 

jjjJlj aLiall <C-J_ui ja IjJ LuJ jl _>Jjjl_yJl l_kJl£j jja AjJy Lu (jj '£ jiaflJI jj£j 

* 

Jj>«-» ailj .^uall ClUk^ola.Y { jLa a a_j3j^j£l <iUa <. LaJ iJISi^Ylj -ilill ja Jjjj 

ja aLall £rjj_ai AialaJI ojj*nla]l jl»3 jjj all (Lea) Ai-llaa ^.1, -tl.u’i Aaa, jj^ajll Ajlail ^jifc 

.(_*- XXA) <uJU 

D = 0.97 - 1.221Vq" 

A^a^jJij o^^uiLaI] ^ jL-aisVl — D i** ij% 

Ajjlill ^9 l i^^il jlftlLa flLukl] l ljlU-all -Pc^ail = Q 

* 

. AajljJl ^y 3 jj±A \ t IT© * , A / jjU La oUaII A&jiJi (jiaxi aJjIjijiII oAAj 

^ JJ'jJLI li jiall AUalb CiUlj^GMoj 


..'. aJLuU 


jl j£<a: i.li.j v . JjLII CiLuJia] A all ^ a Cil aj.a >,^-i5 la, y 


^yi aLall a 11 dla > a 1 al La_£ . j_jlajYl -"L... ^ylc, ■*- l-» .V<ll iobjJ jl £±J\j 

t- t- — 

(J£jj ^yi IjJ^I j»J (A j njj-iil A_luil__>ll A.j aU-tll 'j fbk. ibi (_Lklj ijbJ Jj^aLiJ Laj jLYI 

.(Sub marsible) A^iUJI CilullLII ^ U£ ^.i# 




oUil J J4i ^xujI 



^ i_a]| 1A** Ji*4 Ja*S Jj]a 4j-»ik)! fljVl s»-lLS ^WU 

J-iil jA*-« Jbjj £2i^l ^ »jJuaJl jjiill ,jj»j Lw Uxuij k.,.,‘,,. iiUall (J jiaa<* 


Haailali i_La>jjJI i _ !■> .all -lai .V> = NPSH etaiU ^jL^-wll %Ji = Bh 


(Performance Curves) :. toVl S.UT cjLxU 

K 

ai^ktj diUla-Lall ai& t^ciiaSI ait <_)£] *laVI Ly l-~k\a jijij 

'LaliaJlj o t Li£]l ii!3a£j ialj <o(jja ^2jl Jaj_« £)£■ ^>ij-i3 .A j-alLll 

c 

_ji -t'll i'lj< A <talia jLti-jJ jiaj t-bVI ^ jjt U ijja . ^ua Ji*_a J£ ait (h ) (jL^a—aJij 

t- * *■ 

^ e-bVI otliS jj-ia-ia .4jS-M a*.liS jjitlj ^‘u ohjiJl £3j]l (J£l (Q) Oj 1 Vi <11 jXiiaJl 

Y 0 £ J ^ ^tilall _^l»Sj *AaJj Cjli <JJU_p A-Valin (jl ^iajJ | ) Y (Jiill 

* t. 

yIp i ^ Y *) AiaSaJI (ji ^ (Juaa (jj£j b»iit (X A * Qa jiiSl ^ ot-LiS (jle-lj 

. (ji* YA) ^a* S Y jjSjjsljja ^lijjV 








jl ! J-JI 


(jill aJJoII jlxikJ m<«->ll (j* Ajli 4 ^ 1 *]! (J^i. JL»_aVI JaUJI ^ijl jj_»j Ijj 
&\ LJ (^ X ^) JSaJI (E74) ^L»a . J(_aI-ijj ^aj <J£ .lie. otLsfL (Jaj»j-u) 
Jl >w« ^^ojj xr.x)^ (Xa«) a*iL£ 

iaa j j ijii j-hu Iji. ( p> ji r/j, r,no - n,rA) ^lljji j jju iv* 

(Brake Horse J »<-> ■> V J..i < -aj » Ti AjJlaAll ajillj atLsfL (Jaju A.>,AUa 1 l jjLa (JIaaII 

. Power Bhp) 


c i 

a-Ual ^jjji XA, Vj 7 * Jl (jJaiuajjJ Jjil Jl A AI aILa J (_$jjal Aj_^Li f^Aj 

^^i-A V* , © j ^-13 1 * * ,Jl ^3Jl ;J*-»J Jli JaI ^AUiJA jjJ jSJj ( eBJI 4—1 J J i 1 ’ A J-Isjjl ^AIJA 

4—ijaU jl Aj3jJI aLJl 4_j jaiAa jaliA jl JiX- Aa3jJI jLiVI AjLa. J IaS j a jiA .JIa ^ 

(jjj "' lu t ^<a]l J-Ia-a jLi i_iijjs 3 l aii J . JjLxa J_j_a. oJ^ (J Aj 3 _^ ajl al_l>all 

^iA]i j ,ju IX* Jl Vjj r/ f vr* *) Ajuid J jju xrt * jj* 
Jl (J^taJ AaJUI kiUallj . X vv < IV Jjj aaLiiJI rjlJj-u, AjJdo . (f jJI rJ IT A •) 
4ili 4_sjjkJ' aiib J1 a J . (20 Bhp) X • J J* ULoh, (30 B h ) t* J J. UL-ajl 


J a-j Laj ( XX ^ j (JSaJI J ^ajjaII (jc. A «l~ kt (Jjjcul) CjIj AjaIL jlxikl JL 

A ia.Ua’ll ai& (jli Lil J . J£]l ^JjaLijaII JJi J Cj JjLi]l £A A«iaJl (Jaaa J 
aJJIj aa-LaSlI ^jli .1} a.u J . c.liajVI Jl ^Jl ,j.aijua>—% Jj J ^jlj 

Joaijja iJ £><-liS ^Atial jjjSj ai. ^ijl (JIaaj IjjA^ jjLu V >—bjm (Bhp) -alL 

Jal jl jjj * ~ (jjii (JlaJ ■ j lj^~ aII ^jl .Aiti'l ajJ . aJLc. acli£ Juc. i-fj ^ ~> jm rv^aJI uIiVIax 
£3 jil jjLwa-a. aj-3 31 jV iiUjj ^jj-uill abVI ^ 'i.i.'l a Cjlj A, i olAillj AjjliA^ 

. eLoal Jl rulaJI (Ji«A ^'UjjI -lie- £3 j Jjl -iic- ^jjiw (Bhp) 

JJI jillaj ( J_jJ Jiic. aJ^al) Jj ALl*a CLlliJaJ jl (jJ jia Ja*j Afullall AaaILJI jUli.1 
gjiO J ^kjj AaIUJ JJ ^ '•V '■« . AaliiA ^XjUdA (JA CjUaDo]! dlBla JAJ AbjlfiAj 4 jJUl 

oilJ aII ^jli jh jjA A*ia]l Ale-. ^Uaiil J a ill a ^ Jju CjVixJ lii Jill ^jjl 

A 

ajLj ^j-uljl ^ijl jBJ < Jxill CjVju»_a fljLj -iljJ Ahujil JSl JJJ AoKJl 

. ^ aj.^->'ill ajljj j^A i^IKt^VI _i jisJI jljJj J ^><aliiuVl 


xn 



dlxU j-i jj Jaj ia jJqa 


^jlj-k!i^ jJLill <-i£iljjJLi^Jl ^yajL^tkJl LLlL £3j]1 u j»Uaj 

<■ 

Ajejlll AjUal] A ^• y ■'■•■ I Cji^>jj'ijl ^ja i-i jmi »" jj-iaJuJl Trill A * IaJI ^Uall - 4 U v ^ - 

i dll^VL li-tP jjjr»i..l j-j-ml jaII ^>iai abb j i ‘ ‘J A^all Ajaii) LijjVi CjLjj t j 1 jjJ 
£-Ujjj J) <illaV4 tAiLuaVi-J AjC-jjjl ASllall (jialLabj Qa ^ 11 *“' ^jlal«!' 

.JAuil jaII (ji dJ^li.VLj liaji abbjj L aj.^.11 4kii 

. Pump Efficiency) :«UalhJI a.UjT 

< ( 
e-lbVl ae-liS ^-W.ia i^a bjJail AJAliai oc-US jj£V 1 (Jj*“Oalj _jh**»-j (j£LaJ 

ft * 

jA «.lbVl otliS ^jlaljQ (ji A_i_la _ja11 ac-LiSH jl . A j aif»U ^lliVl A_^_aJ 
A^aiiail DfrlaS j L^iajji^ ,j£oj juiail aJ£!I SaU£3l. (Bowl Assembly) Lis a-iaIUI 

t f 

Adaij (Jbskjl L__)iaJ . (7. V© — V • ^laU Aj_ib^Ajjl ac.U£]l . ae-ii£ 

^ij AalL Jl ^jLualU (JjUl Jc. AsUail Lollc. -Jail A.,uUai ac.li£ 

t t 

l © * Jlj •a. lie. ‘ > aj afbVI V-l- p *\ ^U'u Jc A U'i ‘ill jl L-iijjsll 111 . bl-a A_iUa_$ 
AjL^jJ Jib iba V able. (Head) ^lijjVI >ja ’, V ale. jl a j^ ila 1 . ! ocLi£ ^t^iV 
J ajaLDI jJac. aJIa J IaUJ lie. oySj Jji>mil (_kJl£j. (Shut off Head jl\ 

Laa (A_aLkI! jjlajVl alA lie. »(• 1 0 S ‘ ill 1 j IS A_udlill Ai«-| ' 1 1 La ih . (Jl Ti all 111 

c 

, C^ i a1L>H ^I^Vi CjUalai^-x l ■ Aklj 

(Horse power): jUail 

jl atliSil jUlc-Vl (ji ilVl (jjlJ O^*" 4 A_*jbUl AaUallj cLah jjLtaaJI aji 

cLoh aj3 1 _i.iiiTi . ^lHSxa.VLi aiil 


^ x ^ = (whp) cLll jL^iaJl aIji 

75 


Lj / Tf AaiaUal) = Q Cjj 

jjaILi = H 

( f jUIj pj\) H X (ALiJI J a >lU) Q 
------- = whpjl 


rs-« 



g-jt^Jl V UI! 


oj-S A.\ (Jj* cilliJ / ) * * (Jfll ^4 joUnll ~ ,A y'j 4 \ LJI apLftS \jjaj 

“A (Brs.k. hp) plj^b ^jl*o %J1 o^s ^au u ^illj aajLuJI aJjLi^aII 

^Vis 


Wh 


A J-tim a^liS 


= Bh. 


>^l]b gij]l X 4jijiiil 

Wkii » f usx nv 


Vj» jg£ aLJl AiliS X jLJL gjjll x <ulill j m£« jA» j Q 

AulUl »c-li£ X 


dllilj .iil^i-<JI jl jiji^JI as,liS i"l r-Vi lAAjJ <_£jixl ^jL a\ ajS Ajkjj 

(Inpnt h ) A-aAifciuuali (jlua^ll ajS QjSi 

Bh 


— = (jLtaaJLi tbVI aji (jjSij jjJUIbj Ujjaj '!• 5 • as 

^ ae.Li£ 

c 

4 j ali-ili otliS jl y\&V 1 (_j 3 aJ^V! Lgjl >n a a i aU^ll (jt ~t-~ -Jl aj^ (jU La j a .c -j 

(drive) oftliSj apli£j 

Ed x Em x Ep = E = £uial] AjKII ie.U£]l 

HxQ 


^aaILj H x j Qjlli. 


nv xe 


75 xE 


lip ^Jjllaxll a jA 


(jU 4 jj^£ 3I 4iUa]li (jlio-kll jjAA) Ait 




aLiil Jjj ji j J&j j±ut 1 la jin A 


Cjlj 1 * * * — cjIjL£ 1 iCjIj V£ 1 JjI«j (jL^rx w i j 
•,vn x Hx Q 

- = frb_^£]l (yt LjljL£]l 

nvxE 

*, Vi 1 x j]l x AjLi^ll 

nv x E 

(Shut Off Head): *LJI jj-Ul 

< t 

JjLidl (Jjj-oj V A ) <iU-JI AjJjj (_5ASI £3j]1 AjLj ftLall Jj^sLuJ J l_4j_*J 

T £ £ ^ ^ Aj^oilaJ ( 1 Vi ) J£ill ^ayt A laU^ll ^ ia l<al fcLdl Jj^Ld £3j 

AlaiL AjJjj jidl Axalkll £3 j ^niAi W-lLna* (j^joi . (jo* |»>ii AV Ujjii jA |j1a*Lo 

oJj-uOa (ji oLlxl) Ajil ^lajjyi i—iLja jl (3 1 *-* *> o (JjliLs Jjlall 

* 

AlLa.i]l jji Aj] 1 A * * AiC- J<a*j J J^ 3 A-4*Ual ^J ^^aAl ulmaj ^liiA3 . (jjJj 

. aLIaJL V A mj,-. all Afi-jadi i_jlui^ Vjl ^ i 4 ) ° j^ £sl.iJ ojfl >aj 

V = TT d.rps 
^.lilL ^sljjl jla3 = d Ciia. 
Ajjliil (^a o Lilli Jat = rps 
AjlEll /^a VO, £ = r* x *,A xT,U = V;. 

Cj /Ail V * = (J j Ail ^ A * ’ i^»ji *, A = ' ,Q t ° I ^ UJA 

t 

frldl JjaUJ jplijjl L jlmal All lull Aijljudl ^ 'iVun'l 

~V2 
H =- 

zg 

°‘ U0 Y /Vo £1 

■ -= —---'•—‘- .'. A^jjlaJI a1j>J- = 2 dlua 

“'*■* rv.tx r 


^jl^ll ^>i»2 jl 


(>U T1, ,»ai AA,r = H.\ 

/ * 

SaII jjJ OLiUl JJ_c. ajLjj £3_^}11 ojLj (j£L»j A-il l?1 

. (Impeller) 


£j|jJ) yUJ! 


diffusor 


Us (\T') JlA 

<Wi>> &£j* 

^JC. jLL. (I) 


Aj'mjoM 4,u1hH (^*) 

(jijj (j jj AjWl> Olj-iAj L'la^jl jiUl jrjliJl djaaj jAljJl dljj Jju sUajI 
Jjia « la ft a — L_1 Jai-iaJ] jjjjjJ ^ ^ ^ dllil .jJilil! 


IvVS 


UWii 


A ulh (^ J JjLi 
A^AijaU j! *>&U (_>Sjj I 4 J jj-ul 


QjjlaJI jj — L_) (Vollltc) J jia 4 J « lh ( ^ T \ } (Jiii 









£>LlU Jij jJjjjI j-a Jo j l eua 


. Ajkk]l £■jjlii ^ oAjIjll obLJi {yuia 




w 


iJfi-S lie* l*I1j Cj.1^j l a <4^.1 y* ^ j-Sj^!l -ijLJI <xaIL (JajLj Ulj^i 

^9 _jlJ-ft-iaj£5^)11 4_kaila3l ^>Xc. <1U jl ^ 

t C 

jui ^jkj mi I ^ Cu % AiaC) ^Jl (JaoU A-3j . jLaJI oLajj e.lj'i 1 ! otlii ^’i^'l-a AjjljLa 

* t ft 

.jLua Aas-dj^l (jAx-a UjjAa. j) £3J ^.<->31 Alla. Jl jju^aj ^jl (_$! alia 

- ■ a at (JLta. jIjaj-jL e-Lall jJjAa £A (Churn) L, a'i« j 4 taim jjlj L*llj CjjAa Aic- 
JlaJI jl^aiiiil <3Ik i- i lK~'-».Vl A y J~i 1 4j^j. iK'all 5ilkl! Ijuj . A ulkil 

.jlkji) JjAJ_j jlkJL a tall (JaAuaJ Ijuj tlai] *— 1 1J>-' ^ AjjI jail A3tk]l Abjj 

. lilja^all ^A Ujlil^aJl I—ikj AjUlaj JjaauII Uldji c_ik (ji 1 -Umu Ajjfill (_j-e»sj £-a 


: j w VI *)<■!n^nJi) SjZ jJd •>^Jall n»>Q(rti 

f £ 

( -g '< ■" (_jl jji (JjAaj e.jj_aj C^aaa L-U a. (_£ jij-a!l Jjkll CiL-«ik £-^1 A.* m a . ~> Aa>jJ 
jji jIjaJI tj-aJI ^sIaII . A ali.k j JxLbj (j^L^aa [jji.j >j 1 . iA$ j ^sIaJI »a a ■ a'i j-ii i . i; 
(jjSjJ! N ' j.kl l A 'alii ^_Jk 0 L- 0 II _jbi ^^3 - ' -."■-all . j kail Aj]l*ji A&jaull 1 1} 1 nj A )^lkll 

^ lais a jijtj-tll a j alUH uLJl jbl ^ a^A^yLall. (Turbine Pump) ^iUI cuk 

pLouj j-ijj (jjJl (Diffuser Vanes) ^IaII ki_a.j Cjl i aikil ^ya ^jiil lAA 

(Jib kut-Aall jj^a Jujj IaJ ^IaLI L^-Sjj AiC. oLlaul A^c.j_u Jij Clj-T. oV-J_-olt JJ_>k (TjAi-a 
(j) ^ A_ujjjA11 a i alUll j^jc, i ah S'i (Volute Pump) A_ujJJaJl A < alkll Lai ( ) V* ) 

■ ( 1 T 1 ^ Jiai o__^-iL lJuj 1 *)lj JLJ1 _ji tike. jjjS Aj—kj—-a ^sIaJI 

j l 1 ~'^ V)J . Li ^J1 JJ -v "Uj L1 j 3 J>>a Lij alkali AX.JJU bjk AuiujAl) A_uaikl) 

^IXaLLil J-Lajj S" " . - L S 1 .. 1 VI ^ (J ic. ija juj A_ujjkJlj A_ilu_pil A- 1 /a Ik ]I jjjj 
4 _ljjjjj]l A _ia1Ll l ^jilj JJall ^ 3 j]|j oJ-Jjill A_ilk]l aJIa (Volute) A_jjjj_aJl A laik’ l 
(Mixed kkL.dl CjIa a jkJl CiLualk j]l iLjVIa (ji ^Ak-L-aj 

^jJl (S kj (jiaJOj ^IaJI fjC. A—all 111 I ijj-S Ajkil (JIJ-3 J>A >LS ^> A •a 1 ->aj Flow) 

. aLkl bLj^-il (Propeller) 

. 'luik jiLa ^ j]j jj'<ll ^Aail j»AkALk (Mixed- Flow) kkLJl ^sajII CiLaIL 




JjljJI ujUII 


(Propeller) £fltall cA, ; al K (Axial Flow) (jjj ^<11 (jaa-iJI ejL^alL 

diLya^ sjAj t (Propellers) ejlilall ^jjll ^Uiajll ^^ujj LgjV 

. 1.1a, ,Ojj 4ak 

t 

/jj-j j *_Lj (Regenerative) aj.Wall <jj£jA\ jjkll 4 j. <U-.l «.bVI a«.li£ 

(Rotory li& o«.LiL£ . 4_a.lj v il 4_j. 3 ,J^ ajljill 4 i aUilIj 4_:aL*]l a^jLxJl 4_i.^IL 

(jlc. Jjj-Lu Ig-'&lj Lu^L L yaaJ»^ i'll; a 11.11 ^ Positive Displacement Pump) 

^slall 4_i>& jji (jSlj JLdl ^ijllj <JJill jt-Noll CjD.allall ^ (_£j_kS’l ^-IjjSn 

. Uluij 4jijlaj')]l »1 W'l, A r l J_laj 


(Impeller Decign) g&ui,***; 

^a.a i Ai 1 _ 5 lc- s_»2jjj ^ j_2j-aSI .i^UI 4 jalB 4ja*ul_jj 4_k~ua /jSaj ^ill (JjLuJi ^-> i> 

( 4^-13 ) 4-a.Luia 1 aij.i i(jljj.l]l 4 c.Jjj ^(iljAbJI) jjJ jjoII . 4jljj.l 4_fc^ij ^_41 jjl 

(wedth ol Vanes «.Ua»JI (JujjII ^slali 4_^Laa (jj*j . (JjLdl <£_^a. ^ ^ Yi 
Q = VA 4j^luwij ^ahli j 4^aUll iLUJI Between Shrouds) 


( 4 jjlall ? /f) ( 3 ^-^ = Q 

(kuM jiaj 4c.^uJ! = V 
£JjJI ^p-dll 4 a.LuJ1 — A 


IiqI 1 q i i-« \4 *i*i Afliia :4_Jbll Cjljjjmi IgJ (JjSj ^jl-lll _)ia3j 4_c.^u ^ _)jx jli 

oji Lai jiaS ^jlall 4&ja»ill ^?_>ol li jla jjjiii (Head) __>]!. ^ibll <_c. 
i_j»5Laj *ib]l 4-cj-u. L..i»lal liiL jjijj (Brake Horse Power) «.bSd 4_J*ill jLwi ->.11 

.^ahll jJ* 

j >1U1I^ 4_c.^*uil oil4 . ^ilbll ^L 1 g ’nr. a Lull 4_c.j_ui blaJ ^jra-a ^sb 

^ Jiajll Jlllk a ball alt LiLo 4aLL Jl (Kinetic Energy) AaSjJI 
4JjLj«]L lajula 43Ua J! 4jSj^J! 4iUall ^ya Jj^oll Qc- • 44 jalFII 


uv 




aUll £_»j_jjj Jij ^xul ya la 



^alall (_£^>i.i Ajxija ia i CjliUi jltltVI ia.VI ^34 i4-H»li»ll Cile-US lalj^lj 
Luiall ^ Cililli aa*j ^ A-ic-jill 4_&j*JI. (Specific Speed) <±c .^iil L&j-ill 

jjlU. .laJj 4jaj3 La ruiaJ ^-yfa -all ^ Vm'lll (jlaU^uVI aJL& ^jS jJJt-a ^sL l feJijr. (Ja*j ^yjjl 

(jj- %^) j»-ss -^'j JLnaJ ^ ^ °<°) ^La^' 

N s = rp m * gPm 
H °- 75 


4j£. jill 4x.^wll = N S ^ 

(>JL) 41^-a J£i £ij\ = H 0 ' 75 

«- t 

< ■» 3 ^ ^ j ' 1 V jilj 4 jJ*.Lj £S.lll ^Uij jl ^ilajl ^j-a Ajjlial Ajc. jlli Ax.^)oiiJ 1 ^.iVlul 

t f 

,*jlj]j jiai ^iSV ae-liS 4 Ua i Vir, ojLiia.1 4 1«U->li 4SUa . 4 ■ aft ' ^3ji] 4,J<aC 

CjIc.j*« JJLa. l^Aliaj /)2 ai jjjjllj Asliall j-a ^il via a CiVla (jli (. 4 )<iD-»li ^3 

£jjU djUihll LaiiJ «UlaLaa-a ClLc-jaa l$l o^Lc. JUI ^ijll ClUsbll 4 JHaS . £ii.l)l 

v_iaoiill 4iUa jj-lisj jji 4-uala Ajc. jjll 4_C-j*Jlj aUti.ij . 4_l)tc- 4ac-jj Cjlc-j^a l$J (j^-ii-a. lA\ 

,'^.a ^"iJI 4 \ c.j\ U 4_C.J^all Cjlj A-lxUall . (_£j£jjal) JjUl pi I<a1 Iral £jjllj 

4 ic. jjl a&j_ui 1I Cjlj tiiLi ^2jj 1 . 1 -■" _>iil (jj* "» 3 (Cavitation) i —14 CL I (J£Lbc-a 
iO jJiSlJ 4 -L^-a i_la-wii Laijfv 4 ,1 Jnj 11 djLc-J«uiil ^ *1 -a ~) .a. ’ ,4 «jjLjijI 

jl (Snction. Lift) £ 3 jIIj 4 jl^ ^ .jjSI 44 ^ uaiku Iaa . (jla L^) 

4 ir.j jji 4 xvj*Ji jbjj Mvir- ‘ (. la. adl (Positive Head) j L» < > 1 

. 4 j.alKll (JL IJJj 


jjic. J ji^ ^li ( 3 * 4 ^^ (Jiili J’ ' I* 'pC 1 (jS-aJ Jpjall djl u>iLl 4C US 

-in aJ j ml aJ l ^X ^ jJijjLI c-Uajdl ^jj ( ) ) jl j~l ad lilixij /jaajLtaa_a L . th S -a 

LaJ ' » d« * dlUtalali a4 AKTjli J jjl » a . (Thrust) ^ 3 all uJc- cali-ill 4 _LjL 4 . 1 a IL II 

. »ajLi-a 4 uaVtA CjLLu ^ellall t jJ‘"' l| il'4 (Wax^suall ^jL 3^ P 


wiUJI 


:(NPSH-Net Positive Suction Head) u^u*il uiajaII JaLidl JUal 

f 

.lie. ^sLU (jJjVI a1a.j>«!I JjUI Jj_a.l ^ JaLa i>laJ) 4 ) olln JajJ 

jijJJ inw iVill . i £, V| (jjjjJI i-iii .jail (_£jLuiJ Iai> <la 

i" il . ol Lll , ■ h i| Ll .ull i i \ ■ a' .'^*\\j (.ddl t-ni_,la i ^ja Qjj£b 4 \ ^1 t-.ll ^Ji 

t 

. JaAS <ni.'nil (ja jailll l _jAaj jl (£-*1 Ja*3 £Sj]lj (. Xa-mll AjaAi-iw-oll 



NPSH ^ ^jSySll J-ljjdl pry) jt4 

(JswJb ji ) xjjJIj UiU.mII L$jSjA 11 JfjJbJl AjaIIsj 


< 





dLtil £-1 Jij j-i-ujl la jloA 



■ (&*£ jii) V-b <**&>! NPSH JU\ (\Tf) J&i 

^jAiiU A uU-i (JojljH] ^j^Ul .'<->11 . jjjt-rt.'nll » IaIwJ 4 1—.■■ 1»U l*Wi 

jue. »UJI LalS QjSjj £jl <■ iv_'j (NPSH) i ia>jJI ■ '*-■■■'' L« 

t 

(jUlc. i_g\ Cjjia j»iaJ l ij)LJl jA i_j^kj^all * "v...Il U« -s.| jlj j\ ■ -^. J '1 ■> ■ , a \ *11-11 

Cj 'i % j til! j lIjjAa ^J_C- ^JLa . ^alall jjji JsuLuaJI i_pal i-a. il CjVLa ^ «.La1I 


^hll ^ jU ^ JSL 


JJ \ 


f T Ul , CjLI aI^J! t, VaI ^mA a1 1 A n l jj \ l_^ CJAjutll Lt » ^Jl a ^ \ i. 0 j ^ 

« f « 

^Wkii l$jLula qc* £&jV I 4%uj uIai ^Ii]l Cj\ jUlc-VI ^ JlaIj jjl j^Ld! 


j_aII <^p ^ Ojj-j jLj]l 4^£j-^ll JaJL^i) 4 JjJL-uLlIt fiijljA 4J ^j3I 

^yJLo-^l qC* S ^>; ^Lball L.J>j*dl l%mll la».*^ ^ylloA.1 (jls el^VI ^jXflLiSj - 

* 

, ^jS-al La ^»AS V — X Jaj V LttJ i—JjIisuJI <■—i *v ^ajl C-l^uJl .It* *«rt 


To 







Jjl jl\ uUI 


• (NPSH) I—liii'n JLoa) t_ll*d>! aJjLuaII 


NPSH = H a + H s - H r H vp 


. e-lall ^jtLalu J tc.Lii] JjUl ^_LC- la».11 — H,j 

t t 

*ULv jji (jidll) ,»A8itl £yAi]l Ai& Jiiill j! (jjj (JjLJI ^liujl = Hj, 

* t■ 

. aJLii 1^^“! ilbv c Jij <xs*ja (jj£j H s (jA«JI !Kc.l 

l.-A/VutH ajijAiiLa VI < Alill = Hf 

. (jidb) pAill) AjiJ! b*jJ ~^ C " A^baU (_JjaJI IaJu!«all = Hyp 

A > ^U-’i A \. \ jUI Aibbiilj i"'l -i^U-ll ^l_AajV jjjlLa. ( 3 ^ ( ' TVj J ( ^ T*Y) I 

l^yi ^V, *1 — \, — j A^a Jj Aj'i > ,J%J aA^Jij i l^_u!l A ■ al U . A ->11 j>Lj_*U A i 'ill > 

t *■ 

. AAaJl lj^ajaLo Jigjl \jiya£. (jj£j <UiiialiiJI A-i^IU'i AAkLull AJjajlLa Iajjj i &Ua11 7yua i_lj)<ula 



(Vartical Turbine Pump) 4~«‘ljJ! tU aJJall 

C t 

jl aIsaJasI j_1£i jl a_s»lj ^ab i^yi ijjiu sAA 

(Bow! SA_a.lj <_a^)~c. ^ aA. c . 

jac- i_ia jjjj . i_i_jl]a-oll *ijl! Assembly) 

. ■ ■--■Vi bjSj l_lJ)llaa\l £ 3 _^II ^jlc- 


*UxC- 


Lf lC- fUaC J-ij (^ft) lA“ 
^ uUaI! (Sli^a.*!!) ii/Ull e-j* 
AjjiLJI jld ‘L^aUd! 
JjJj 





oLlU £ (Jflj 


4-3_>^* 6-ij^Lc. ^ic CjIaJI^II JjIaj . AJulj tJiaJ S^liSJlj ^ail Lojjj 

UJo 4 _ f A.jLaJI JjjaLuJI j)a& . ^tlawll ^jil sLwlI <a,j3 jjlJI (CaUall Jy»Lc.j J AAxllall 
. (a i A ^ a jJ| XlC. (>L« X',0 <J£] j±a \“1 j* Jujj V Jj-oUil (ji -iajCdl <^3 .ligjl . £cd1 
JacojI'I j *iij JjLJI (jix 1, ^ jl ^33 Y' ji V Sdle jj£i 4jim <lusailjl 

1 _ 1 XJ . aLwl) ACjl t_jj-u-iai llila 3„t >1j 3j-«ljdl J^Ja . CiLajlsJ! jl L_ilaJ) jl .lajjjUJLl 

a^h J A_Ci ajLj 1 IXjjU L^llj jV J 1 * 'll si a i^*s a M V A -v 4 ^ JUi A s. 1 a 9~.'~-< r 

t » 

. al Ls ri a jl (jIa VJ e-{±A J C- <lwaj 4jL$jJ! ^ £Cjj3j . JLqjJI (JSLjJlj ClLiJ-w^jI) 
a,jb) (J< ^-»1 jj A_t4jl ^ A * • (jljljJ ^c-j-uti »Jaj —H -s-^ 'j 

. (jd»jVl jjj3 lijjj ja]I (Jlj aia .Jj CUsLiJI 

Submercihle Pump iLJgUJ) AUoJJall 

a i aU-.11 Jc» (Bowl Assembly) .CiUiljJl a <--j ^ * t$J cJalidl i ; *1U 1 

^ ^ * * 

. Cjl*ilill Ac.ja-% a Jiuilj aj-ilia !_)■<*!!oj ^julalc- jjSlIj S^i 

< t 

(jjltV ^ CiUjtaJI ac-j« aj (JioiY) i-dl (Jj^-bl ol «"a< (JjLi. abJl cJikJj 

d l.AjJn 4 ..ilsUU L~il' />1U11 , ^il 4 'aIUII Oj^hLc CjUal^ll (J^_2b ^>Aj f'J-W 

JJLW (j^*) , Oljill ^ Jjjjullj <jj, Auill (J«v 11 Vj <^j^u 

t 

(Shroud) «.dac ^ojj li)j i»«ll . AjlaUbII ii.L« (jil s.i. s i}_y^ aLwll 

c-ILa-j.li liAj -s Jl (J_>^ aLldll J Lu ^ ' V" £ J Jid 4 i a! Ull A ^. Lo J jj. 

Cl 111 JdaJ (JaaJ <CilaLaJl CIiaIUI ^aJaJt a . JjuL&ll ^jlaS <ll_^ ^ Ajj j sj t aCjoj ijSLsJ 

t * 

T* * * I-m-.^» die- jiSl jl jCn *1 ^ * i^AX. jjJl ^LaC (jl ij^Ai • 4 4j0lU ^ 4jJ X0 * * 

. CljjAall 1^1 Cidalxil CI iaIIt-iII . A«J^a!l Co i^ill j (Jiaj 

* 

i (jji djj-oVI jj-» * II ((Jj^ojdll aJ j j ah t jiUb ajdx4 |As'i a j -\ji 1 

* 

. aia.lj cl&Cu] (_yul ^3 4 is'Lll (_u^jj (j^U jjdajVl 


£j) ^Ull 


lil^akl i Jlajl ^ua (Ja-> Vl V t(Jil laj-ae k li£ll .jilill JjI^JL aJL_>*£ J£Lk 

Ajlakl (jjjj Clljill JJJ""'" J *-■ V t^lk-aVI (_£Xa •jC- JojO 

Jet Pump jjkJIaUOL-i 

J^kll A. lalk jAJ jLkj) Jilki ^Aj A_j]jiall jLjVI (jjs Jji£ ^ il> Imj jijll ‘klfr'alk 

. (Ifo) Jki (Nozzle Venture) (jj^kalu jkll -u*lL.j <_£jSjall 

AlsljJI ajj-uilail aJj-a^all (Nozzle) jib A ili J*kk ki-Aal 1 1 "'all aLlall >_Jl 

IA 4 J . j3Alll Aej-« ja Ajjj LaJ 1 oLkl JjJ-ft A_i.Lma JlLlj (.Lula jjjSj jjjll A a 13 . a Li all 

. (jiSaJLj jiAllI Aeja 1 oaIjj £-* (jlaLkjj ajjaiUll ^ *1*11 kJula jls ,^1ji_>J oAelil lilk 

* 

^ 1 V”® J j V -*> A A ka’ill 1_a£ A_i.luiall (Jjiaj A %. j '. 1 AUt' Ale (.Loll Ae^Ja 1 aAUj Ale 
. aUa'J! 0 ^jk ki-Aall ^ lillil 4 7 --U' Vj.'l ~l.j jjljll C_Jj3 

A A lit‘ill Ale kit Aali jjli Ajlskll A_i3 LaJ «j 11 V jjLlll Ale jSAllI A_ej-ui a1L^. 

t aJjSiII aaa lie a 1 a jjLk (Venture) (_£jjjiall ^^11 alkl <.ut ml Laj (jAik’»« 

jji A_ 3 lJ A-~i,.all olLjH . A A kail 1 Aa 3. Vi all olkl a> -a jjJLak jjJl uiLloj elkl oAA_$ 

A 

w-iljJ-iilnj £_a A_ej«uJI ja Jlaj ejjaiilali JalSkll -all ^'lv (_£jjjiill ajj—la • ^ - 
- *yl 1 _iiuij kklnll AaaJl ^j-ki. Q Aka'ill Ale ojjailall k«,*kl aIhauJj 

JllLk aLk! jiAJ (jle jaki (_$j £_)-* Ajk A 1 al,k jA jikl A, j.alk ^ 

t 

jjSAull lAA Q^jjj . Akalll oAA A-kLoll ojjjwLa JliLk i-L^ jjle JoiLjjj (jlLJl 

a.jail (>o A Akalll Ale Aj^a^all oUJIj (Recirculating) IjIIaII oLall AaAiiill 

jl -1 1 A 1 ...VI ^J| CAkalll (je -V- ill (_)aJaia ( jAa J_aj_uu jjjjl Ajk-lall sllail jja 

kl/r -1 jku . kiA-.1l kj. ajjjiila (JllLk o^)JjAJ ^ jSAllI CjjAiJ ^jllUi -«-lI LoJuj /j^^klll 
. A 1 alkll Ale jSAlll OjAjaJ ^jjjAall kanjill j^^le Aka la-all |bjAj j\ LjJI j ^jklll (jtU a a 
kk Jlkk A_ial£11 sk-all jjj-a ^' 1 . t jjj,.k ill jl ^1 ~| k ~1 ajLU ^jo^a-all A*_) oLiall ^bla ^klj V 

. (jjLlI Ale ^»j^Ul k« .'—11 ^LiV kkAall 

A_j-aJkl jaljall aAljjj i^IIAj A_j_alkl! cjAi saLjj ^jL LJIj > oil k « i‘«*i eALjl 




oUil £_ij Jij juu isj)Vy-> 










£j|jJI V LJI 


Air Lift Pump: (^) jfijJI <Uaib-0 

ij-# XXc-l J1 jj-ijjj olwll <iliS (_>aa-j Alla. Ail (julul jjlc. 

*Lall jla (jjjuuijl ^la Jl jM-a j«iuu (nij Ale- . ^Ajjlxil aM uja. j Laj 'i>a« 

f * 

A UiUj . t-Lall IajI i \a (JjMxA ^J1 ljufiJJJj UallAJ 

« t- e « 

(_>iaLa_a.l jl JLaj ^C. oLlJI pIjJ^J <SIa ^ £3jJI ‘LxaIL 

C 

A latUl i ah t iw/< AsJlc. 


" ilia I 

A_ulUI L aS.tt jl La V, 0 £ij L$J i_jjlLa ^j^J-a Jjla A j a ' in ! (Jj V1 J ‘ A " 

f * 

jljjjal] (jLaaa. ojjj 1 _LuiaJ ,jit *, V laaJall < lsi] l l V ^UjjV 

XV. Cijl5 Ijl AjaUall (Jj»»tgJ 


Jxa v, r + * , r + V = £4^1 laxjja Jlaa.1 :Jail 
>••• Xv.rXt.o HxQ 

- — = - — ^.LedJ oj3 


) * * 1 )( V f xT fl * 

oL^r£A= _1 * ’ - -Bhpiil^UbVjUaJUji 

*, V x Vo 

*, V t *t x V, T x X, o x 1"’ 

. a&Lu CjIjLiS Y*i * = CjIjjL£ 

*,VxVo 


£yn jj-3 ^ ° * Jjjaaj (_)ialj_a \ * *, * * ' .1.1x1 ^.l^a ^a a 30 jliaj i_ijllaa 

VA oLlall (J* Vj-.«■■ ' <« (jj-i L JJJ ^-jj-uilali (ji (jjjii . T Ailut^ ^ylc. 

ojlj aLlal! Jai, oj_^iiLa ^)IaS (j±£- CjlcLn A ^ oLlJI ^y3jj l ijlLJl (jLS 131 . jla 

0 



4 >LtU J Ji_» 


J±a Y, £ aj^iUll ^ alxoll AX. Jui *, • • Vo = F (jiajjil . (Bhp) :'il ylU'l A-ajliUI pb^U 

. I A ' A jaILi'I ocU$j AjjIjJI ^ 


: JaJt 


< *jj/jj 3'0 , XV‘,*‘*= oU.Lua.1 

^1 /j 33 M* XYY,o = >,e x^o* X!-,- = 

n\ * x YY, o 

«^/j3l- - = 

Ax V xl* 

iulj]l (ji <-&£* ja* *, VA ^ = 


£J>* _>“ ’.Y'Yo = 


■,VAY 
Y, £ 


iLijjiji Y, £ aU*I! 4x.^ia 

Q 

= —= ajjiiiLJI A^luua 


>. *,n£r = £ x- 

jia '."Vo = 



*— SjItfciiLall _^}ia 3 


2 J 1 * ^ ijjjl' J^j 

Fj LV 

- = Hp VI i Acill 

2g.D ^ 


£ x V‘ Vo x Y • * * x (Y, £) ^ 

- = t- 

Y x^A^ x *,1-2 


YV = 


wjLlJI 


fjS VkLxJI 4 11 >—Ij -uaJ tillij t VI jUI Jala-a JLipJ ^jL Ajl !■»■*. Ttj 

. ujliUiijiilj jAul_y«13 JvWI Ja*JI ^njjK CjVL«i^V IJaj S jl V (JU^dl 

ju nr = yv + n = VJLi] ^jii juj 

W x Q x H 


tLall J>«-»-kll dj3 


75 x i_UUj« 
• * x *,va^ x nr 



Vo x •, A 

A Y ^ = 

ax-LoijLS *m =«,vnx ax> - Jui^saiii 

(r) (Jj jll» 

Lull i Vac- ,'li j-V i'v» eL-a *P<a j»jL 


aLLall (3<aC- (jlj-V LV® oL-* £P<a 

V * aLlaSL t—^p-a r Jlj^ 

jla VO J*. ^jk. jljk Jl ^Sjllj jL. 
A_&LuJI J jjJ 1 « X 5 cLajIj J 'i « ■«; 

jkSil U.. Al ->-i—a ^ 0 * * A_al -l^lj 

^jLua_aJl J fllxail Jaik ^piujljxl Ah^^aVl 

:Jbll JSLiJI J LaS <*11U 


Yov 





*»LlU Jii jjjmIjj IpjLlL 


o 

)• X 5 

i—l / 1% = — u = 4 ullaN rtiiJI (Jo*/» 

'VxVxV ' L 


‘.jjb JJ.-’i _^all iL^VI ^lalll J Lei ^al^xluiL 

D= 1.22 VQ 

= 1.22 Vo.25 

= 0.61 m 


0.25 

(M/sec) 0.855 = - 

n /4 x ( 0 . 6 )“ 


Q 

A 


>» £A = r+ r. -Vo = -U*1UJ ^ijll 

? 

FLV~ 

- = (Hf) jiJ^all jji uiHSJck^Li aiaII 

2gd 

o 

£ X*, • 1 Xlo* • X (‘.Aoo)^ 

T x5,A \ X \ *A 


>. r,^5o = 

JU 01,110= O5o + £A = AulUl JS1I ^ajll 
w X Q X H _ .. ,, , - 

75 


ol,*l5o X\Yo x^ * * 

Vo 


wr = wr,ni = 

(jljLS 1 Y 5 =*,vn£ X WV 




£J|jJI uUI 


Pump Selection AUoJUall 

AlC- An* a Ajiaj ttjiS <jVjx AjjU^aSl Aa_li. (Jilaal ^JnnJ laJ AxallaJI ^jj jlalkl ^»jj 

.jLlaVI Aic. Ajlhli j-ijjj A \\%ji ^ £tu«ajl 

lIiIjLu C.I — ad j5vll —^jajII — (JajuujJI AilL ~ £2^11 Ail.»n<a jaC — AjUall 

, Qlul^ll v-1 jj i Tidal a^jjjdall A \ aU-V i ~ jLua.' “ ^lc- ^)3 jjj A uUrll —‘1. -it . Ajfujl^Xa 
plj W Viall a^Aj {'lY’A) jJS-T.ll ^3 ~dd 3 ^o (_j_jj£__)d«ll JjlaJl AxaUaJ Ad^liJI diLjii_Lall 

^tdlajj liftj . AJLllj A_c.j*nj J.jit “atll Me. L-jj Jjjt-aj ijoJ AJ^tnJl * 

< 

(A ^ >Vl< j Atl'A a LliU’uiidal jl £Sj]| AiC- ^AijiAll ^ J^x-a 

£Sjil lie- A ill ^ *a oUacV A_i_ailai] Uj-Jj3 j jl „T aJI ' OJ i • 

(C ^jlaax^ Attha>» CjlSLuida! 

|( Ia>'<all j . AiiklAJl AiUJli A^jlill AiUaJl A * , A A_x_uj I . - A j * a ^ Al.ll * 

^AaVaT j VI rulajj A^aXaiuLol ^AxL*u CjIjIaS JS1 ; j ^ Ila. j i_°J ■ j^alt ~v .VI 

* 

ij-al J rn 11 jl -I '} r- Vi .lit VI - '*>J (Jj ■ IriiA -JjdoJill jl at.Ls£i]l (J ic. V j\) ~1 A VI 

LaS . AxSjjjall VI »Jlaj *'lj..-ill l .ail IS j «luiiVl S- al_jX AstuoVlj (_£jikVl 

t e 

. A ja'ln'l AjljVl Jal jth a(_>u3 tliliVI t AjIK'i (jilLx jjl 



a ro • J£ll J\ 















frj J\ Jail 


: £l j] -1 

t t ( 

jiaJ lilA J .Jj . Ailla-Jl JlSaiVlj AilikJI ^laj^VI dill yj.-v.all y^ oyj£ £-j| AaJ 

A * 

. y3AA]l jl al j *11 ^Aall c-Aj jl L-ilfljV La] A ■ ■■ °' ^jA yuL»-all Jyll ~l ^ v "' --'VI 
J jaiLuall JViij t oliall y3Ai]l Ja 4 (Throttling) yUll 4(33^1 -jU.yi 

.aSJJI 

t A 

'LujUjj ^ I JI AjjL«j A^J . A aia i^jj yuiv <11 ^IasAmI (jului! Jc- yin-a all jLni.j ^ i y 

tu-Aj yjl.^all ^ j a,> <~>~il 

:n^ aT a l l Ailjj jnt*4 jl ri« Jmil ji JmII jwAt -1 

(Gate or Sluice valve) 

Jil yjjJ uja, aljl Cjlcjyia J ajlc- ^A-kUaJj 4_&l]t£jll yJ • yn -a all IaA jjAJJ 
A jmj tyll aLiail .J ^Aajii AjjSaull yjjLa-a . y <1 v *ll ^yiL yC. aLiail y3All A^ajliLa 

jaJa. f m. 8 j LaJ y_La j 1 jS £ — V* jvolj-flJ ^AjjAall] A^A-wlI ^Jl j Ax/rail ya at J all AlaLaJI 

. yifa.alt yiiu ^UaS Jje. yj) ^ DL^VI c-LajI . Aai'iC t, Cjlc-lks Jl yj Jl 

yC- £tjLll ysullj Alljll jljiA jU lylaj . ^hll jull jl ^bll jiall 4 1 Jdl yula-a « 

% 

^ i-^ . yiAill Jali jl yjLill J ^-t'l j.iJ V yajl a*JI bAA yli yu all JjJI jAill 
J CiU.'ift1i Jib JL ^iil yjlall (v jj c. yll ] yajl ya yjijj .jAjll ya yn j -a all 

yuxall AyaLall A L ... I j i fi jU Alv all jl (Nut) A j 1 -.11 1 (J ■ ai T a (Disk) y<ay_L]l . yujuaall 
Aj»l*ll J3 jj AlajtJI yljjJ Aic- •(jajJI Jc-j (Gland) ajliu y*j (Stem) 

y&«A . aliajua yj yU-Xall i~'l ^AocaJ AjAIc. . yaay&ll Aj_a JijA dlUA Jl yAuiall 

%■ c - 

jl ji^Vt (j^Laall (ja ( * , jjAaj *j^-VI ftLajVI ^ ^jaoLjJI jjjXh Jii 

jl (Screwed) jl Lai ^ • t. jl jjjjjJI 













£jtjJt oIaJI 


(jiaJ VI £tku> (jl-C' (j-« mi*a'i ^alJj <_>ajYI aliali <j3Aj aj.1 « t^aJI <).jS»ill (jujLa^o . (Jjjj 
(_)iajVI £tku CiaJ (_j JX ojjjfll jlUsYl CaYa (jiuLa^JI . tjja .Jaill (JVLa. 


. jLaJlj jUJIj oLaIj <■. iiiiUj ' •>■ aII Ija . (Gearing) *. VixL 1^1 ■■»■** j 

^ '-> "I »cj (Flexible Wedge) g>JI ^jilL 4-nCdl jA ^Lili £jill 

. ojljaJl Ola.jJ <—'al',•> « ^^3 £t»Sj cJ* 3 jSIjJ Cua sjljaJI ^j2 lIiYIa. 

. jjgw la3 gja ( jjajill uaa ^ui i % all AjjluJI (jajla^a OUill ^_jj]l 


. (_a. - A VA) & (a_j — > TA) 4 (1 - 1 VA) JSi 4 _l£GI J&il 

* t 

all Aja\x q_j£j L-La-J ji g}-s jl he gja jj^a^jill jj (juia^JI ^Luul jjc. 

^ (jiU•> all) J-Lail (JfS 1 $.<,'<3 jj .lie- jj-aljiVI lIijAa. ^Jj-a tll £^j]l <ji 

p 

* (lT^L^ 

GlobeVolve (> n) J£i ii£$jS - <■-» 

ill La I ",Vi,,VI ClYLa. ^.Wui~) UU, 4jj£*a]l l jiuLa^o J1 a l“).m-J <iu ^jajI^aII 

— *■ t 

'• ’IK"' ~vV11 JSLjI! A_iiaj_c. (Jil a!» %j (_£_£j£JI ^ a\I ^ \ A,^tfi~ij . jaiill jl jj a> x&\ 

'ji js^ill f.Aj iic. . Jjijdll ,^3 juu Akao Liu (Seat Erosion Toa Minimun) 
(_£ju]l JUL LoJ oJlC-Ls (jC. LoLoO Iajjj liljj-jj (J^ajill gjli <J-uJI (julAal) 

P 

.(jioa-JI ^jul 3>. Jii ^y» AjVIj -i=fcjj. (ilK'ivVL 

Angle Style Ajjijj 
Y- Pattern (<_j) Y Jii ^jlc. (jiua-dl 
» ~j aj*aa —Lc-^j-uj T-Pattern (j 1 i -^11 

(_ya jjiS f.LLiiU Ciijllj iaiLtiallj jlj-«il ^3 ^jj laAj ^ * olkij ( ji j&ji 

t c 

jiSI T t —iij^- tja.).>.all fjc. Jsl j3jj A^ljll ^jui% a ^ja.^-i'i .tliVliiVI 


nr 




dUil Is^ta-a. 



V$>* tfJJ* V* 1 0 4 **- 1 



.,«djV( Js*i yi - tHJD* V 1 lw 1 -* 

GlobeValve- Needlle Disk 


t ffjS (juj-t*11 

Globe Valve. 






£-jljJI wjLJI 


£jill 11 aj .jIaaII li?. !>Lli <ilcl jiy l$jli Q *l • - £o ^ j^UJI <jjlj jV IjL; 

^j3 ^. ' . - iLi<> 'j j . (jiUA^Jl jaAill «.^LuVI c iUa33 jjill CiUbVmVI (ji Iaa. ._utlAo 

i* * 

. jl jiJl <_&*“ ^illc. jlj-a -2»J SllVla. ^ySj iCjL!)UJl <-ijAd 

(i n ^ JS5 oj^Ul! U L U a <u ^jS «l«* 1I j^ tx a U jJI £d^Vl (r) 

« 

(I) Convential Disk j iffj*ajkll 
(cj) Plug DiskSjh-Jl 

(_*.) Composition Disk luSjJI jojil! 

(j) Needle Valve aj jVI 

- J lila'ill <iill (juia-Jl 

. jinllj aAc.ll jjl c. LaLaj jS ljjj jaJI jj■ <a3 jojl - laAmj 

* 

(_Un 8 J ya Jjill jISjjI sjLC-li ^jic. ClLiXujj CjA_aj jl 1 fl j£ At ClU j]l jjfLi La Ale. 

. LaLu jSujjj OUiujjjll &AA jjlkj ajlc. i'na (_g \aU'i 1I jojall jj j,.^ d-i A~,.,l 

: 11 o^lJUJi tjfi 'jdiJb 

*■ * « 

^j-l jl£lj Jjlil ajl£jj) SjIAwII jojl LS* J-ojilL juia-« » flh S.j 

jjaI ^ a aj J^Lull A-jajLi_a ^lc ac-Luij Iaa_j 4 (Tapered) ^ ,>• *.\\ II 

KfS jXl jj& jjiJU «ul ll jkwu 

• ifl ' a jiulj jliljVI aAc.ll (jlc. (_CJ t AuJ ,_C Aj i ^ylulA *d j-.^ 44) 1 | 

:0 

(jiall kia 5JU. (jl • A 1 ..ij jill 4 jjj£ 4 I All ja il ->..*11 j* jjJ aj-jVI j»n ->■« 

jujLi_a ^AiAudj . ejljaJI ^ajJj JasAoli kJlc ,-,1al>A-..'Vl (Accurate Throttling) 

no ___ 



oLjJU Jij j-i-uj! ^^ 











gjl jl\ uLJI 


t 

(CjjjJI totClIjUil (^all 'h-*n ^lolll Clli iajiajJI ^ o^'ifl 

— * * 

(ji ^S-t jj 4 ai .i* ajL^j ji 2 jjoLc. (j-4 ^jiu Jl (JjSjj . 4a.j a ~t (JjL« (_$! jl pUI 

. oic-lill J^tk .jSAlJl 

CheckValve (U *) J£ii :(£>>jJI |»Ut) 

<L*a-I*II CjljjwJlj jj-^ 1IjjJ) jji Ciljujj *1*1 I_ililVI ~ j *-*' -V 

■U-: 

: LiA 4 udjijJI L-ilij'Yl (jujl^-o 

. Swing Check (i) ^jku_iLaj'Vi 

. (Vertical Lift) ^ijll t-ilisVIj (HorisontalLift) ^Vl ^ijll: e-iliVI 

* ^ t c 

(ji giliii jta jbj _^4>j ^lc- 3^ x ' 4 O^-J^ O* i_ilju')fl a 

. (_^LsL*il alksYl <1L^ jjJ Jiill gtakjljjj ^ <<all olallVI ^^-3 olball 3®*^ 

t » ( 

(jiuo^all Jijj jLjJU L-iliVI (jujLa-x t_u£ jj ^ ^*$^11 (j* 4-1^3 g*a>jkii L>^ 

* t 

i_ilL'y! (juj-t* _>sl CajlLs j3jJ L-ilijVi (jnj-k * (jls ^jaJI jjLij lie- . 

( t 

(jlc- (Jat-joll ,_)^ajsJI jl . (jjj ^Uklj Ajii\j Cjli AAO»jliLjl i ilLVl (juJla-oj £3_>lb 

* 

. t 

jal-k 1 «j ^>-kl ^jj jA {JjLal) ^a^laJI L-iLLyl (_juxa—* L tljj 4 *.V.wJI 

. i. a-unil Jiill £i* ^ oac-luuilJ 

:(Lift Check Valve) jJU OUjuVI ,j> w J fc a (T) 

~ \ 1t - * *v j^al l j 1 ji. i*j V t 1, u-t ol±«ll ^jlxk ^j3 lilA 

i_il*jVl (jnjLa-« (j>o £}±C.jj J+jJ . *11 ‘'-jLij Ji>Lk 3®^^ 

* * 

.^jauI jJlj LyiaVl ( ijfli^»’illi £SjlU 

• p 

‘CluIjJI .LjIakU 4jli ^3 ^ 1-tl ml ( _ y i*ljJI ^J* i«-u]U AS^>11: t_ilajVI (jnl ~t.« 

* P 

. jl (jAiVI alajV! (ji j>a-kjAuJ 


Y1V 



dixit JiLi JejC-xx 


* * * * 

*bjl bjjaaJS £AJJJ «jSlI j) jl £3j]b l-ilLj (jxia-s (_^l 1.» ^j~ Aic. ^Jl j* 

(> t ') Jli By- PassValves I oli - A 

t. 

I—1£JJ . AjJUJI OjIjaJI 4_AjJ jl j J la* l'r-|lt CUA 4 * C It ^j,ljLaJI 4JIa 

^ls (Jf3 j -k .Till jLiiJI l* Wl il)U A fill r-lx. ^1 1 jl jj JajLuall 4jj^ajJ J-L», -a ^jiuA - ojLc. 

. ■'Unall (ja j-a all 

(i_> i\ U X) JiiDiaphragm Valve - Ji 

^jlc (Jxaa-JI . (Weir Type) Cilj ^bijual j-ljjll cW^- 4 ji£l 

^ 1 1*11 J . H V»ll £"ljjll cJ* 3 <LijS (Ja*J (JujaJI (J^Ia 4jbui*l! li jaaaj jji jVijja ^laL* 
j^a ajbj i- n <« " ) JLilb (jjllj J-1-aJLaJ Aikj_aJl jli (jau-a<ll - ■■> ■* ^ j 

. Ajbtrtll jj# (JliLlj £”lj|jll 

(jj (jjjla J JJJ liAj jliA l_$_J (Jaji ^ j i ~i, *« all (jjjlsll dllj ^IjjJI (jajL-a a 

< % 

j a ~0jJiZ £ljil AajJ • A jl,i,<3 jlj^o Ajj1am« 1I jl Aa-jIII ‘“il I_ualb (ja.LA.aH 

^Aa nuj oLall (JLaj* . ojIjaII CjLajAj Ajlliaol) djbaiAAJ-ui'i/l l_Luthj jbjjll ajLa 
^ X * — jx ojIjaII CjIajA ^iiAJaaVl i—Xuiljj j_£a1Ij £-ljjll A-cAUoI ( jAL JaUajiIl 

•f* A * LT^ 

(UV) Jli Pinch Valve tJaiaiaJlja^JeA-j 

. (jaLAall ^iSj (jLj (jj (*) >a r bJ p 1 •k'l.mj ^bjit (jufA_a eJj- - Jai-Aall (j uj t . a 

c # 

-1^ *■■.!' jl LjAj LaJ (jSAdll L-aIajV Jiiil JaAycJl AjC- ^jllj “LC-jLa Ajjaa Ailjlaaal ^AaJLuU 
a.>U L_luilla (jaXAaall Ijft . (_Uju ^ ^Aajxll Jaiulaall jaj -> a . Ajlixii 

t * 

. A jL a]1 aIjJI (JjaLux jl 4a jlli jl (Akllc. aIjm (_gjTl>j iJ j]1 


dlbal 




n<i . 







aUil Jaj Jj mlJ j 3 la jLlL 




£jluUI 


Ball Valve (U £) jSLi :ojSi\ - j 

^y3 4jd! ^ylc ajl 1 4t) ^ylc ^gj 1 %J 3^ ^—A) 1 c jA AyUl 1 ^J‘' J ■*■ -A 

33dill jLui a ji Aj^b a ~i3 1 $ i >s\X'& J^Lkj b jSll ^yi A_a.jj • 33- 1 -^ f -»lvn ^yillj ^i ■> Jl 

t 

U] (_yAj . A-alc Jliil Aj3j A_a._jj b jSlll (jint a . 33Aill cifljdl £tU ubj-^' 

e < 

jl e-^jlLw jl (_gjjjji£ lU-»J (3®-^ jbual jjLklill jlai]l) jjiiiJl jLla! 4 jSJI A.,% ~i3 UJ^J 

* t- 

. ^TaS 4.1 c. jl aAilj A»la3 (_yi ^-s. jjjSj (Jj 1 ) jjS>u Lad . 33Aill 


Butter Fly Valve (Uo) Jii :*Al ^1 ^ 

A»^alij 1 dd» jjt i~i ) jl i ajc ^ Aj^jdl ^3 <1 j ^j3jj Ajiljill juu 

a i .^Vix ^ 31 *-^ jaa *v»" * (_gjiuc« (_>ojj 3 * 0 jAj ■ j*> *<>ll Alba ,^3 

jl AaiAju* jjldj ^ylc (j^ajill jSjjj • 4 jjj £-13 b)L»j £ASJ jl (_U-SJ ^jjll (Aluaiaj) 

< jLillj Cljjjll JLi.* ^.li "i -J xLa jldj ji\ ojLa jjlojll 1jlajj • lifc .hH- 3 jlj_* 

a^j-s a! ^SJj ^Al jdmll j 3ilH jj"} *** ■* 3 C " ojlc (ja j-xH - 11 a 1 ■ iiJ . aliollj djljlodll 

*■ 

. ^ja '^ all ^■ n•y 1 3^LI 3^>3 A-ujl^jjl iuaa jJ . 33Ajll -jla*' s ^yAj Ajfboj 

Wafer Type jjjiall £ 3 JI 

DoubleFlanged Type jjia^lil! ji ^ 3 JI 

3<«LujaJ AilfL# jyi Oulaj (jj' 1 ?• 3^3 (^ — ^°) flball jji ^Ai-iuLoll ^-yjll 

jl oAjtal r'vbua'l/1 jl AjI—u^aJI i ^ya\jjt. y i dll aAltll ±jJ\ uda J! A_a,l_aJI “ULa. A ajiall 

i _)uAA-a . dlbdkjl Ail aJIjI aJU. iilljj ^ _J— ^ i ® J ^yu •«- all ^Aid-uij aball dajliAl 

^ ' ..i ljjdl ‘ " J *. \1 4 ^3 La^TiJJ 3^4^ t\ ^ -. \\b Ajlc ^ *. — ^ f O ^ dll ijlfll Ll Ail>ll 

. diljLauJl jl 


Plug Valve (y ) Jli :ait J-JI - J? 

LajjjAj jiaj (Tapered) Aijd*a jl L-ilii^l Ajjdaa SaIaui 3 c. ajLic 

<i 

3-« 31 C 3 AijJ . ijnj -tall ^lj ^tia jl ^Ij 3®-3 ^ydao.1 All ^Jjll • (jafi-Jl y ^ Ail £jj 
YV\ _ 






jUaSVl tj* t liifii 0 _jAj 

uij»irt cm j£*jj J>“-* # 4^ ^“b* 0 * 1 " (I) 


(jjiuliil JjaIc- 


(^yojiil 



Jj»^ * alkali Ailji ^«jv« ( uj ) 

cm ru 



(U 9 ) Jii 

Butter Fly Valves 









aUXI Jau Ja 


^Vj • Lg-Ixjjj ^xj V a^IXuJij 1$ 1 jj^i ^gjJi o ji.’Lull LoAj . ojl-LuJI ^jai ^ A 

* t t 

oLaj] L>* >a£I (_j-3 cJ.a»J (jl ooli-ill ^jii. ia.< . Cjtsj.l2ll Ljjlj i_ilaj JUC. Jj VI AJLajl 

.(lj-UI) JSi 

(UV) J£iPressure ReliefValve:JaA*a)lj* jjsd\J 

j-Aj ■ __>Xuil_j-all iajla v (J i ^UlII 1-u> XI' (joiaXl ^jic- lW’S (j«.i.v ail ! liA 
sjLjj .IaC- . Ira ■<-! (_£ V Aiili>i jS-aJ <_<ji]l od^xaj Ajauiiijj 4 -lS ^ a] i y3 ,\a La lx I 

juiic. ajl£ijj aA£-li (yA ^SAJ (jlj i—ij Unall Ja»iViH q£■ ^>jxljjall Xk ^ iai <lg.il 

L»»(Jil Kit»V~» 1 Ailaia 4 j.1*J .IaC. .1 a.xV IjlA » ' *■■" ■ ■■ j_n .^)Jjuilj^2l JVk Jajtxall J J *' 
. ^uUJ^jll Jakll ^^3 Li».'xll ^ylc. ^lailaxil j^li‘^ 11 iak]l ^ oLaaSI 

.(HA) J<Li(Air- Relief Valve) j (J) 

jji jXl_>ii ^ylllj c-l>$JI (.SjAX U^Ls JAAiiljjdi Jok ^yi oLXl Jjkj -lie. 

i\A 4jli a«HM . oLaxaII ^_v3k ■ ia_jj i ■ >■*» L^jli A ' ^ fiOLj .lie- . Jakli *» °'j *11 Jaiill 

JjXaJI (j-a A2 jjL (Ja» (jolAxll IllA . jJxljjall A ~v tlj^il CjLoSIA lljl (_£JjL>k3Jl 

t$J Axil_j£- 1-AXA a2j . eLiall Jak ^ <Lsj V-C.I ^3 A_a.'° ^ylc. Hallj jJxiLxoJ AilLt jA^ll 
jlj <dLJ alXI Xk (ja lati'^ iliaJ aLoRj Ajjill ^.Vial Jj£. fj ^Lil Ljj3 AjusIjj (jjnx jjjj 

iAC. al^jJl -lit- U^j . | yu i.-a all ^a olXI ^jl>^ u Lu Ac.^S^a ^nil^llj Axlj»JI 

aLali (j3 Axaljail ^jJaLkilj 'j all«ll i i^nia jli Ira /«-i1l (JaSIU ^JjSj Laj ^jig.■><.!! AxJ 

La: oliall l _<j•■>'’■» LiLi ^AJJJ . Axa~)tJI (JVa . (_JaJ_a-«ll ^ASJj Aajl^)ll 

^csjJ ( ) £ a) (Jiill till lL*AJ ^jajl^all »jlA jLi Ia^Jj . (J * 1 1 > a l l (J<L3 j*J (j"«J A_alj^ll ^3JJ 

t- 

~> 4_LuJJJ L»jL» k jliaSV sJ-^lj *—SJ^aOJ (jal *> a . (_yul "a al l (y a j^yC-jj 

i i _^3 ijjSj^ (ja JJaaIjjoII jliaSVj i JA^Vl jUaSVJ ^jjlaljaJ {jidlaxll i V* 

"y • — H Tjl waVJ i "V ^jiUixll _^laS " \ &—"'! * jLLsVj ' ^(_ja.lt<ill ^ia3 ^ * — 0 jUaaVj 

. aU jUa "y i —' y \ jUaiVj t i (jalixSI _ y >ia3 


(u* -HA) Jti 

fljA Qi UA4 


{! ->M) Jii 

‘Luja 

Flush Hydrant 












oLdJ Jaj 


Drain Valves 

J u u. il l (_>u1Xj» Lg jlc. <_l£jj ylllj T <iij3 '-jSjj aLball Jcjj. ^ <iaij aic 

, jjJjiJjjJI Ja.-k 1 ' 1 Qm (JS (Jjjjj ^SAli aLall ^jlj (JauikJI n ^33 Vif-j 

Hydrant (\ £ ^) JLi : - V 

t A^ajLLal * J “* J' J'' ' l~j laaJl j-o alkali 1 la >ul jjj—aJI A a Li^ ~ ■ a 1 

t 

Llll filial (JS ^lc. L.aSjjj . C-lLal; S ~1 ml J ^ ^ 11 L_ijj^a]l iajia^ i_4alali]j jjjl Jjkll 

. ahi»j jjic- jia 'i V * — \ * • J£ jjc.j , \ >m 

t 

All SI, a.) J. ^-.1J1 a j «•'-». 11 A.iaJ ^jic. jlojjJl t-lSjJ lalall jlj^Vl (jic. al_l<#ll (jfaj .lie. 

. jjJ^aJl ,»jJoJ^J ^jilll iaju-sJl jaa^il alaall liWiVi 

Jaa. aLjall iu_Co (jjiL ajl_ C. 

: (J jVIS 3i>^ ualaiaa. aic. aldl 

lj^la> ^«all jjlS Ijl JLa ^ £ —V ^ 

dljaaai 

? J_C. A_IL». J_j_a O* -Vo (>» 

aj^ala-a sLball (jlj ^hdll ^ 1*1 *h ud 

• LftD 3 ^' 3i>^' A r^ t> 

^jJ^yaJl lLiUUlIj jj-o jjaC-jj aa*jJ 

Flash 3 d-sJ sla^a 3iaa >"il j i'a> 

(1 -> £ *1) JSii Hydrant 

Post Aju ,j‘j31 Ol_J_Li^ 

. - U ‘l) Hydrant 





J-.I j}\ kjUJI 


(> © •) Jii Position Of Valves 

j*JJ (jujfa-oll a*-) jla k sLall ^jAall jlj^alulj Cikaim (Jja-uoll oe.U£ ^ ^--' 

* 

. e-.i»A>i jj£L»! oka! I Ja^ ^j3 1 fl '^Ji~' 

Ljijj (illjj (Suction) Lua-uJI IjjmL* Ajl^j Xic. (Foot Valve) ^aa jaw i_i£jj 

jijJ lillij (jLuil Jl jjajll qa fiLs-a!l £i<aj ojj^iLa ^ akall cLil 

. A i«allr»H ^uVa^'ll ^AC. 

sLJI Lik (ji A-i/JUl ±ju (Reflux or Check Valve) £ j+j j 

, l_a3jJ]I CjVL*. ^3 jl £^L-oVl *IjjI A_ixllall l_a3jJ Xlc. aLixll ^1^3jj £i*S cilljj ,lx.Lu*i3l 

jla3jV 1 ijU.Vi.aH Li» .Vail jjx. gjlill _j 1«aJ'l II fjyt. 4 ^Ic. JksLaj L_i^_ui |_)uJ_^a!l IjAj 

. (Surges of Pressure) a LJl 

* 

.Ajaliall clul JaaJt Jill (Jii (jufa^a) 4jj!k t jioa-a £">a~«]l i—uk jjic- 

A 

oU.*i s (j-a <jj^ 4 •UJI ^_iij^iit j JLuil t <j*(j' 

.^!)kaY! thul akal! (3*^3 ^lal L_ia-uJI <_uk (_yi (juiva i-jjSjj 

7 T /1 u u V 1-i*iV-» 11 l _paik ( _JLAA^H £j}jll JajL lx! L-ilillj jlajjVt A-'k 

t 

AJLa. ^ t_5jjJ»Aa la* Aa.ll ^joLa-a alj-kjuuj (jjSijj ' £)L»YI A-a. Aju ka-Aall 

f 

(jjjU (jk. LiGall ^Li oj$aJ i.nSjj lJUaS ^jL (Reciprocating) 4jja>ill CjUaILII 

■lajla'a ^uajJ ^j)l 4 i^lUll i_. I % .jJ' 

( 

GLIM aLjjall 4 j ^ jjiiLli] aLxall Jai. (J ic. (JuLiS "J g ^ I * ujVLaJI jjAuo 

• 1 j ~» -A r< 

ja 



(^•) Jii 

<ji Oukall J-dJ 
A i«lhU Cjlalijl 


TVV 






dlxU Jai jjajjlj* -bjln S 


A-UliLa (_)ul oAAj »ll*ia JLa (_yul a a (Jaaui aLail aS-i! ^3 A .» w ,jn i li.al l 

(Line i-Al l (_yu(.a .a alLc- .llA Jj_a JLlujIj lie "-J li.^. 

< 

m *A„si <.iUr.’V ^Ia,'uj (Loops) AUax ejVLojll ^LLaj Lujf Valves) 
> £AlH £ — y £■jLiill ^JoU-a jjiULxxll ax& lij • (jiiill jLutal 4jjj^a 

(j-a jjajJ Ail . (Gate Valves) Ji-3 (jajta~a (jjSo 4^^- • ^>n •tall jJlliua (J'vLk j_ja 

J^i X 1 1 1 ^j*aJ i—*-a—a! 1. B iL . Sjj_uiLdl ~A -1 J' -a ^jaA ^ all ^'] qfL ^jl 1. a 111 ^Sjjj 

(One Pipe Size) ai_alj A_a<ajj *>all _jLs s ^ ^H 

AjjljJl ^ ^13 1 • | (_)uLt all jJ^La (jiaill Ax-ja (jlj 11 a ^c.Jj • Liii'all ^lal j ±&k (jjli 

ft 

<^ \\.**iJ V J13 i, uILula!' v fl J(Sj Jl <iLuaVU 0 ^ ^jAev^ 

C t- 

. ( ^ Y — £ O - ) ajlLug jlaJjjoll jji 4aaaLaj ^ju-aMI ^' •*■ ■*!) 4_}uH£j ^3 .j:-»aS. ^| 

(jiijLa_« ^glc {SS 1 ^ AS,l<lIl ^jU (Ji3 (jajta-a allx- (jj£l 4 jlllj (jxLaa AitaeaVil 

Jajjciall jjl JLLjV 4 aSLuiJI JliLa (Smooth Flow) a-^aLgJl (jsull ii£li] ojjIS 

t t — 

(ji ( ->^-w-3ll (jajL.a a ^jLa-all ailAj . (_£>-a) (j^alj-X-Vj ( *£La_illj tAjjUall 

^ ill ^La-a tl»»^S' J* (&*.-'ll <jajla-a 4 (Surge Control Valves) ujlj, 

(Plug aelxuill (jajLa^. ^xc. (jajLx-a t(Alititude Control Valves)£_jj_11 

I t 

(_)ujLa-ali f ->Oa a t_£jj .(_5j-i.l p-l^ilj (Glove Valves) ajjj£ aj_ 1H ^L-^l 4 Valves) 

jl (jJl Jj-a.ll J_Lajlj-a i_jS jj ^A>11 ,->C->. ill (_juLa_a . LjL ) all -> ll a Li-> a ^ 

t 

(ji L« t_i vLlaVl Ja'uj lie- ^2 X-vlIi ^jujla^a ^l_aluU . alxall ^ jjlaijai 

■ 4<'Al l 

<^-3 (Air Valves And Vacuum Valves) (>jl-a^j (jajla^ l_£jj 

i I'*." C.LJ1 jjx. «.lj^Ji [_LajJ ji ijilill 4-6»4rtJ iajulall 4 a*-la Ca\ a u^n u jll iaall ^ jtalij 

lilli Oiajj . jjJ^a * " ■ ■’J ajij-uiLal) jdai-a j_ja aLxall i la «.■ C. I va jl A_ijljA 4_jj J % 

t- 

j»jL li (jSlj . a_j-u£j ojjiia Cj*i/lj»jaj (jSllll CLua J. 44 SI' ^>laall Cjii ^Jaulj-all UL_ai 
AjUb Lj A-nail oUL^ill fjS j JliLjll ^yic- ^-jlj-iill Cjia * “ (j* (jajLa^all 4. -1J S JJ 

.(iili 


YVA 



£jljJI ljLJI 


£>SJ lW*- 1 



JJ -vlll jj y . -fc « 

Relief Valve 
(Pump Surges) 






Jai-lall (ja JjAjJl ^>4 ^j»u\ 4 
ji cobj lUjjAji. jl a L^VrtU 



t j-« JJAill jj-; ■>• * 

Jjijl Ljiu^all <]la. ^ 
laiJl ^ iplc- 


u 

-SH* J! J 1 Jl | 


liu >4 ■ lu a / . o aUcLU 



Aaju-ajl ^jiL- A L -v jl ! jiUA ■* 

—►* (Back Brass urc) 

£iJJ* j\£ji ^yic. ^iaiLk^L 


i L*»m ■ 4 flLi i * 


^IacI 



(J lc <la 3 la-all j _j«ja_* 
to i_j-o Ajlxall liiu'fll 1 

Jj l v.l l i i .^ 1 


(jilIjcl sac jliij ^aJI (J-jU-JIj fJajj uiVbk ( ^ 0 ^ ) JS-i 







£>LlU 2 Jil j-UuIja UjU^. 


£ 

Aa I'i-v a JJ £aa»j (JajIj ^jllj aSlJjIII jJ ^y*iiljjl LliVla ( ^ * t) (J£ill ^cuajj 

t 

. oJ2*oa (jial jt\ ^iikj jilj L> 


(Pressure Reducing Valves); ^i^ ^a jL -v ^btaj»lqjK^I 

« 

J £-^J (3'-^ J-C- Aa.I J.JI <aU ,!•»■ .iVill J | j l S-> 'ill jt Jaii-iajl j-i4.-t jja jl a 

■ju a S a I I aJ»ai J ^jjiSij_*ll (jjj (_]L&]i Jj ‘ ^-iijj cl L^ij dib l _ J _A bLiai! 

•lAC-j J.Ii]L £*23 Ajc- ( ( ^ ® ^jl£jj] Bitli Jc. JjjA (_J Ail 

(jjiajjl JaaTi . £SjJl lai-iall 2 vjj jjjjiLail jjA J Jc. Lilia til] jj Jjllll t—13jj Alia 
-lie- aJ <V-i JLJ jj ‘i tA ' a]j JJ Jaijl J jjJjLa. Joi Alam J ^j.. i->- 

jj-i,i»2i ^jiUa^u] ^aulI] Ajaliat J-ii *Li LjLJ (_jAJ L_l j^LaII Jaiicdl Jjl 

.^rjjJkll (_uLa» J A_C.UajlJ Jj-iill jLa, J iajLuall (jJalLijj Aic. lillilj (33-2-jll sLajj 
jjJI (By pass) jjjjLall j«]l Bjj-uiLo (J!jli &La!I J.ii: ^uuj Uu (_>u^ <11 ^ Jaill 
, 1 _JJa^li olijyi J (JuJaII tiL^aj Jc- (JajU til] jj < (_ 5 J^VI A3jill 

jljJkl) Jl JjJaill LJl Jii ij*jm (Altitude Valve) ^UjjVl j«»a a aJU. J 

* « 

(.lit (_>ALa-«S) (Jii ^JLc. lIaju JjJi J jJjjLiuiVI )>« <<a)l (jli jl J-jVI 

Jl ajLij Jo*J J JvaJ (JaAaaSI J ^Va. jIL Jaju jjuLui_». ^IILa . bLlaI] £-lil j\ ^ . to I 

*■ <■ * 

. vLxaI 23 Jjail (jl ^luijjll jl CL'l iaUnll A U-a a ^j3 JajII Aa.j] 


2ic- A a a * jl (j»u a «J1 J a Jr. (Jaju ^jll a KmKj ^ A_aI^x- ^1.^ vt .-I til]2>£ (£■*} 


.oUl 


i_) y.iiii 


olii-il 


JaJI »l VAU J (jiu jUaaVI Ujta lajlrali (j3 li4 . 'r>l l a (_)<□Jj 

(Calibratod jjLua i> jLluia Alaui J ialc ^la__j]l liuVt ^2 j . l^* - 2 -iH 

(By Pass Lines) a \ J > CiIjaaI LJai. Cjla Lajx. aj»J ^aL«jll ^ya*i J . Spring) 

£ 

(jiuS^nll (J>u-a A (Ja»j La Ji« oJJ sLaoJI jllaaVI J Jliill (_Jj (JtAl b 2 Aj l n» . > i '] (JuLiSaj 

£ 

Jaail] ji t -ixaij (j;i«-«]l aL^JI (jx ijjj (^all _^l J^- L« . >>1 1. a ■ a a-jjall jllaiVI J 


£jijJI cjUJI 



ki/nll ^yd^JL (Jajo ll\ ^^) cJ<-‘ 

FttdVlH j»o3ftii JA A J-A£« 3 ^yl_^a ~ , ^lLA4 (A) 

: oUia^La 

t _jl& j£j jj "M ^-j ^allj P F ^/£4I (Ja*j (^aJI ;j*»^«Ti aj-Jx "E ’B «A — ) 

<ijx. K . C Aic- jAjLikJ^ £-1 ^>ill ^iij P (jftjiJlj »R . L- aIaII ^ aiclj 

;_U«-:^1 ojUa tiLj_a-JJ AiaxAa O u^LutVI * *■ -41 , FI a^j^l ^j-* -«■ -* ^ic- _»llrujlj JaLaJ ^(Jj^aJ) j ^JUJl ^ l.'^l'l 

^-Lc. FI a jjN I (ja)ifc a . iiLj^lIi Ale U» ^>'i Ajjjj ^jlikil ojUail dL^xi Ale JUi-Aai 1 ! J Lu H 4jjA_ill 

( jiaa^41. M ^jk ^>41 J4^j (JaaJI i_uLk 

i-lLj •klll-j c-ljl U«Jt £_« ^jlo ^LlL 4 ti—J jHtjI £jj_»JL L»«A» Auloji — Y 

* "H” jJi ojUal 


Y A ^ 










aLil Jfij is 


Aal J alajV (jn.jla.cill sAA oilc- fA.i~i~)j . jjUJI AaJ) ^Jl ^jjail Ale. JaxAall ^2 ^jial cS. 'jj 
jun SI i 1 a jjnuaa a (JS i j2 -1 a. ' ■ ■■'*' A_3 -j j aS 31 (jujlaUl Jj-h jSlj Aai-3 jt j ill 

t 

j-naS. jjjj.-xl jLv-a. Aj]-i-nil Li»laLiaVI U»Aal CjljjLlaj ^ jl (Reversed Pairs) 

* * t 

site. . Ajaujiall (jajl a all <3La. US sUall CjLiAAj (^jAIj ^La si (JaAu jl ‘ laj U*_Aall 

tjiilA>aSl A*J . J-«_aS (jiiUJjll Jaall ^^Ic. jjljjlL jOjwa jjtij -i aj JJ-lS jnl\j Ludj 

C C 

(jiii•nail jC- Aa-jlall oUall AjujJI A_^sj_JI j JUajI sAju ^^ic.1 Liil iVi Aie t_U*ll jixUl 
Aajlall oUftli JoxAall jAsllajJ ja jljaLmb Jaxj tUjxu JljuUI (JHiaUI jU lilj • jaiSll 
. AjjlUJl oAljjjl jjS ji] jllSlI (juiaUI ^uL AjAic- i jjxmli Aall jC. 


(jHlaaS A-niAa_iuil j£U iaxAall (jdaial (JhiSjJI jtja-a JU lii.'UI <UUall (jujlaUI 


(J*jUUI »aa . f±A ^ LjaiO jjjkii iAIIaj (Surge Control) c-jljkAsVl (ji "'ll 
i"ilj'«"!l - 'k»Vi < ° '■ ^ ' CjLULJI Uaax ^jS f-jajjl j»A£- (jiuU-a Ka jjljjllj oAU ^AiAmj 
i~'ljl j illj ^ (Back Surges) (jnSUUI L-iljJaioVb ^ jl j£-u (jAlIj o^ajII Ja_*_ji ^ 

. Ljliul ji« AUa Ajlu L»J kSjUall AjSjljjAjj 11 

. (Surge) i_tljUViUl A±jUil Jaiiall A_a ja jjjail (jniaJI ^ ^St i "il l jj^aj jSai 

jsA Jc. ])La*j jl jSiO i—lljlwi^l (jS ^Saill (jHiaa jiall £-jajll (J> i l > a 

<!U»UI j^ A-aUi sjj-uiL* j^Jl l alvll ^Jl ujlj li . Vi UI (By- PaSS) jjjjLall jjjajIIj Uall 
e * 
f ^-y I a i'l l frA_l]l jl L_43 jA 11 ill jS-oJ . lIUj l* 1 j a l_llj B i ’i-1 VI kiJjj. (^jJl jl 

. i-jljLaAaVlj A W liii'l AjSJjjAj^JI CjUjxII (_^Alkll OUoliajl A Ira al 


: JmJUI j-jbfcfl 

XJ J» ~1 ULil ^AaALuJ^ 0 * t ^A sAU (Jjauxll (jiuLa-a jjSj 

Ja jL^I Until ! i . jAuiljall jA AjjUl jl oaSIjII sUall lUj irtil jl sLull jA Aiujjjll jjUjuII 

l _ y jllj Jaall j-s ^jlLiull Li til I ^ (jiuUa jli jAall ^jLi, A j — U 


TAT 




oLdl 


iajlv.fJI c^La ^)rv»i a 1 ^ a )jfj^x3j oL^all ^ja £Jjij 1 ^ U (jSLaj 

• jX* ® (_y!l Y CjliLu-a (jlc- {j*jLa-x (jj^J <Aa.jUJl A uuj_^1 

eLc-l^aj A_i*iilLa]l (j£LaVl 1 _ s i J-LuiiJl jjujLa^o ^Xa jJ Ajj.laIL) 0 L 1 JI £jjjj 

oLl^all A jm'iUjj , AX.L, Y— \ jjc. jjUijjjJI JaaJI Q^a (jA*--a £JjA) ■^i3 J 

1 ~ il -> U,„ all ^ya AjJJjjl (jS'baVI ^ UjUX.ll (jjj^JI Cjlii’l.y »Ux laj AjC.j_ill 

ULaI Ifl’lC. ^jJaljCUaJj Aj^UJ^Ii iajla v'l Cjhl$j ^ylc- c*i]i£ (Jj^oixll ijJj . AjjLall 

• jiajiJI (jaij ijXy iJJJi. LjUilaJ 

:£Jj«il aUJjuII uJv£jj 

(jjSd -° ' j J ^ r -j jjli-Jl J! l-aj^aji]l oLajoII A^i-ii £ja AjJ ij.ll A^fc^S 

* 

Aj > « ~U <C.ji I_ij> —ul-a ^y]| ~l.ajJ ^M) ^ * X ^ * ^ja Iajj A_eUa3 ^)A_^ iJ-A l j q '’■ '-^ 

* < 

i_li.b o'l—allj j_ji ^JuJ toll ij^>J • ^ ^ l ^Llui jl (jjajVI ^T U-i: (JC. 1 » J-J 

. ^£-V eU-all jiui sUjI (ji ^lAiiuJ ^Ula ^Ic-'y "sjj^LSI Ji«j jjjjjoll 

:0UIObtO£ 

(jl lAjjSUJI aLjal) CjUj_)ij {JiS Ajmj^jll AjAiuIl Xj^L^sj ^c- 

t- i^J.' . lilKl VI ^JC. jjjljJI Ui»«V-> 11 JjlaJI (Jrti *al aJjAuLall jJaS (jA Jjfkl LAjiaS (jj£j 

j_j,..S\-i . Y i ^uuljJI SJU • AjAiJI o_jj-uiLJI L-i^la ^yi Jia 

. jliJI ^yjjl^ ^>l«.‘.<~' 4 -^jj 


yat 




oL_d! J_Ju 



(J 


t** ll 1 

dj i 


YAV 

oL«l) CjUaS Juiaj 



ik'UI 

Y 

r*v 

•uijii 

r 

no 

lIiLcui 1_ llul^ 

i 

m 

' "'1 'a'UU CjlUi-a 

o 






^jjxaLaJI v-iLJI 


Quantity of Water »LU oLof jjJaj - \ 

oLlJI A.j aS (j-« Ajls AjjA-aJ oLuJL) AlA^oVl Ui-> a..al -j ^ ■ -- Ale- 

< ( IE 

lillj Vji A - aj'vUI 4_ia^ /jIs 4ajo-^tl . Aah^-all ^jJcal^C.'^U ^aj^UI 

t c 

^ _yl£l tiilifc (jj^J (j\ s^>jj£]I jA-all (ji . Cll x aSll aAA ^a3 _^jj jAj^jJI (jc. Cla. jJI 

A^lla^a aU-v a ( j -a _jiSI A^jjJ AS viliASj 

:Ol>Ui>^l 

-y- 1 j " -. VI j n nj ■*— 'I /jjfu t 4’i j V .all sLaJL aIa—»V! A la-lla •>■ Aic. 

a JJ& JaI_jC Aja._ji Qiaj jSlj . ^Ui^Vi JAju» (_ji jjjLiJlj ^Ui^VI lillASj (_£_jiuJ) 

villil | -'*"'‘" 1 ■ ^ c j° aJI ASAj AjAaAll ^ ^ja Ajls alxali Ajla.lna.j ^S aWIa!^ 

. iy» aa£ ji AjAoljisj UjVaUjsj 

t t — 

AijA^a jl jj j£iii ^A-yi sliall Cjl^hiaj £-ljjl ^jjVl 

AjI^Ag alba * 
ajlaollj Ax. lb-all alba * 
AaIxII CjlalAaAui^U a La * 
. Aslsil (jAaj_yu * 

®UU wJUa« 

a AAj . ?JI .. (JxuJtJlj AlAxlj ^la^Lu^lj aLall L ~'l -Qj A L QaAuJ oAA j 

t 

CjLI.W bmVlj . AAaLall vVl CjIaLxJI l _ y lc. A.al»J SaIx 

. l aJ>^Lj (jLLVI CiVLxj LllVluaJI (Jlba AjljLoli 


YAV 




oUXI j Jij Ja jjffv 


(jS J* ^*iuiVlj • 

jjJ 0 t_j Jmi ala* 
ji] ® ^ Uia] I jj^Vi 
^>ll -Ij'-v jmVI 

ji! y ■ (Jiuic- 

jil 1 * Aalji* (jiljl Jjaiic. 

ji] ^ * J_>L^ AaUki 
Jil T* a Lull ajj.} »' ^**-* 1 “ 1 ' 
WOJWVI 

J£3 Ia£ i-iljiAll i"'l »1^ •i...Vi lie AjjL»a]lj *> jelluo]! olijl * 

Aucll^ilj » 'All Cl',Vi*11 oLaI! CiLkUlk| JjCk 


Jjj /fjJI /j>U c£]^Vl 

jl Lui-Jl £jj 

/ 

v-£* 

^uLa^I 

1 

o« • 

aLaLc ^ ^2 ya (JJl£i cjljfl iVim *l\ 

Y 

're 

(jjliiJI 

r 

0* 

(^jS J£l) ^IkJl 

£ 

£° 

, ,-'K jl 

0 

Vo-o< 


n 

'0 

Ol&Uikl <C-li JMLA (LtiUl 

V 

£o 

<ul3^a Cjlit_>±a. jCjlSjA 

A 


«fc». ■» . Ajjiall '*->] ^JLukl ^ja i T° —T * ( jA ielluall ‘Laj^iUI aLyJl <A»S> * 

. alislLi JlliavU <j-alaJl IftjjLana L$J ojjjS]) L-ilc.Uu-»ll 


y aa 











(jJiaLa-It wiLdl 


IjjjjaJl Cjlalna .1 • 

ylSJI 1 a*J ( _ s ic- Ax ULi iJJJxll l_4^-aj I_lluiaJ (Jijia a-lt a-ixjxJ 

1 Q = 3182 Vp 

2 Q = 5663 Vp 

3 Q = 464(Wp (1-O.OlVP) 

4ju3.ll (ji jil obJI 4u*l Q Ciu 

oivl jij-iii p 

4_a 1_3>JI (jllxVlj ^jluxllj ->a!l 4»—) jU t_lLui_aJl ^3 J»iAj V ujVaL «x 1I &1a iJ& 

t 

lj£*l 1x11 j . lAjiC- (jx jiSI <j-C.l‘l<j-iH (jjalixll (JJJ*1I t_>oj3 UJa . Ajc-bj-all (yLUxllj 

lit 

(Kuichling Formula) ^jVI 4JaU*11j la.Li ij^u Lj la. VI (jl*? 

£■ “V TlAY = O uia Ujlilux (_yi 
4ii3A]| ^3 yjl (jjjxll = lIj 

uilVlj a1a*21 = £ 

'. 4x1*11 (jSlxVl Ola.liia.1 * 

^yll j all jixll j __pal \ £ 4x1*11 Cjlxljxllj 4x1*11 (jj)Aail 

jijJl j £JJxIl jiall j jjl Y, 0 ijjjlall l_-)luxl (jlc- jLuiiVl 

.. 4SL*u ^ aluxll ^3 .lLfl'1 ^jC- (jAaJ_j*ill (.IjUx 4jK11 aUxll 4uxl / ) 0 i_a La-, i • 

-. I '. 41.J.V1 A J. AC- 4aUoVlj 11 a . (_}ujLax]lj yjxl 1 ^x31 4 lLjvL-o^JI - a a A r. . J 0 Q 1 1 IaA 

. (4.2*11 ^ 4ii^jli yu*]l C-lV^ii_jll 9 oluxll 

a aU. 'x II oUI JV^LmI cjYjjm 


j»jJl /Ajill oluxll A-Vjl-jl Ja*x ^jc-^u*] yt oluxll lilV^iwl ujVa*x 

• j»_^jll L j r & 4fcLui Y£ Jl Jl)La Lajlj 4u <21 Jj . Ll killUj 4*21 J}j‘ x 4 L—t>l-la.lj (J^xxll IaA 




oUll £- 0,$-»3 Jij j ■ ■.'■' 


CjV^JU LJLijjU ^jSLat J-i mVI CjV^»-« ^^3 Cjlj j«lll oi& 

*■ 

^alli JJlC. (J 1C. ^1x 31 (J^Uk. lil^X^LujVi <L»i AaulSj 1 - 1mAjj (j 1 ■'■ V^ J&uijjM * 

4iji 

* ^ f 

-U, t ,^*\^n V^J ^J ^ ^u l L^ l 4^3 ^ISI /Til l oj*-i t -y^ tiliLjia! • 

« 

tly° V £ (_ 5 -> 4 -" ^ 5 ^-^“] Q_j 2 j 3 lifc J^ik. jj-ajjil 

* 

(_£ill J^Li. J»Jj33 (jJ*J |»J j»3x]l Ami ^jSI Aj3 iJjAjkJ (_£ill (jJJU 

* 6 

QJi \ A — \ "I Jlj^j jia jj (^jJ ^-.^l lifc (jjSlia dl^A kill j_i£l 4^3 Cj-l-aj 

■ i_l]^ V 1 A 


:4CU • 

£ < 

(j-i-ajl ^yluj (_jiiij ^l*JI (JiLi lil^iLgiuil j_i£l <Jj Cjiaj j»_^II <jj*j 
* 

Sx-Lui J.l»j Ajj»j jjl 1.3A tlilc-lm ^ 1A.U ^u>JJ j»J ij*^} 

. l*W j J 'A„VI ia*ujjj» ( ^a y, ® Jljjkj j-lLjj 

^ 1 Vn/> jjjll Aal'i^all Cilij*Ai]l ^jJJxJ LS^ CiY.l«-« UjJ 4 jaaI £^jjj 

f f 

~ ^3 jjj-iaS 1 - '■ ■ l~_u % oUjJL <iliia-aj| JLaC-VI 

C * * 

(JIaC.|j Ajfcjiil ■lajla.-kllj 4aodJ^)]1 Jajlrtll AjijiSI (Jl*C.l 

( * 

iajiik. (> jA.o~i ^ teL, (jj-os! j A^iiU JLaC-lj 

. JSjIoaU A j>.\ ■n.H Cj^Lwaj ^a-bwaj ^3 <Sjja]1 ^3 

jjilall) '/. ^ * A*\; All JiaLaJij /jjj /_>J y * * JiiiVI Ijl 

•(j»_« *J* jd U * 



ijdhkdL^Jf uUll 


jj^yl r* k = t* + t* * x \ t = . . 

t 

^»jj jij s /jil fA • = Y * + Y* * X \A = (_ 5 -uaal 

^>__jj J j ^>9 /^>il oY* = Y* + Y * • x Y,o = 


: j Km ilt JJJll ^L4 mm 1I jJ-lAnll 

X 

ajiill Jjiali AaJ ^ aJil jl AijXal J^~... />" LJU. 4 -aj^Ul eUs!l 4 _l*S JJAiJj 
« 

jl ^,'u.Iaj jLijj-ui'VI . 4 j-uj ^j_ll (Ji A^iuJI ^>1 \ %U n V 4 - 1 L 4 JJI 

— * 

j-iHU ! j )UI ^ 'A 1mlJ . <-jj Anil aIU-jV !j 4_uISjji]I cOLjll Ului JjAAaI <jLLa ^ ’-5U 

.jllyJI AA*J 


: lsA> 

lojLjj-^ <L)jia — 1 

<U,iUa!I j .(j^^uJl AAc. ^ ajljjlS Ja*a CjIjj AjljjUI aA A ^ f^yaj^SUj 


Pn = P + n. C 

I C-Aj Aj. c. (jlSuill AAC- P 0±a. * 

. ^^aaa^II Jjtall AAc.) Aaiajll ojU]! 4 jl$j AAc Pn • 

. sjUjll (Jjut-a C • 

jjlUll ^jk US 4 jj *3 (jS>U C AjUil A AC- JbO (jlS*Jill A Ac. ^r 1 ■ nj lAUajj 

( JU« 


)i£UI A Ac. 

r u 

A* • • 

MV 

\Y* • • 

IIY- 

W* * • 

' ^A* 

YYo* • 


YS * * • 

Y * • • 


YM 





Y*o. t Y*f • *Y*r* *Y* Y* * Y* > • L_ 1 ^I 


:JaJi 

(jliuJl jac ^yS sjLjJl jfaaj (ibul 

— a* * * t vt* 

£*•• tY*** Y<1V- 

o* • » W* • • t^A* 

oo> * YYo*« <i TV 

OD * • YA' * * t’ ’ 1 


Y* * * • JU^VI 

1 * * * .kujiJl 

^YlS Jjidl t. ^ .2.1*1 jJxiiJI iLlaiJI 


jhaOJ) 

flP 

Y'Y* • • = i... X 1 + YA* • • 

Y • \ • 

n* ••-£«•* X Y + YA* •• 

Y • Y * 

£••••- £*«• xr+ YA* * * 

Y*r* 

££••*-£••• X £ + YA* • • 

Y • £ < 

£ A* * * = £ * * • X 0 + YA* * • 

Y * o * 


jjjJoj ^ 4_L)jkJI oia Incremental Increase Method biL^JI ^ ejLjll aJLl>L • 

Ah Ull aLjLU 

: (JIaa 

. (jjUll {'JltLoll US J1*J 




Jic soljjJI 

(jliJl JiC. SjLjll 

jljxill 

^Ull 

— 

— 

A * • ’ 

nv 


£*•* 

^ T* * * 

m* 

\ * < • 

0 * « 4 

IV* 

m* 

\0 • • 

00 * * 

TTo*• 



00* • 

TV •• 

T • * * 

To • • 

T • • • • 



AT* 

0 * * * 

-Ixwji-all 



(jjVIS £iaOJ Ail') A oil Ajlgj AiC 

J)AC- 

mr* =■ 'i x(at* + o***) + tv** 

r u 

T * T • 

£*W - T X (Af* + o*..)+ TV** 

T* T* 

nn* = tx(at* + o*..)+ tv** 

T'T* 

oTTT* = i x (Af* + 0* ..)+ TV •• 

T • i * 

OA \ o < = o X (AT * + o***^ + TV** 

T * o • 


** ■■ J1 Adj jJaJI 


. t— Unli-a jwuij ^jutjjLaj A\jlj]l <j^Ul Jjtall .*iIa»MI w i-v ^ i pjj ^ijjUi 0 . 1 A 

j JJ ■»' ^ I**^** ^ jl j-fclllj j-iV'H l«ll JlAlxi ^aJJ 

. l$iullJj (jjll illai] 

t jiaa<il ^jic. LjIftljsJl <*ilj <jx lIuLSj 





oLili J&j j ' ‘• ■' j * Ja 


















(jxxLkil wjLvit 


j»Uail o jjydl dLU jVyqjaej 


Intakes. 


34 l-T 


. tlx! I lJ 3 A-klxll CjItLljj ^LLs j>j£*JI ollxl] Ajx 1 '■«■ pH jill jldsll jj 4 A klxll 

ClI-L JIjjJI (ji i—Ijlkxll j>£Ilj A yxlixll A_j_C.jjJlj bLjxII J_J_Sjl (J 1 e- A-klxll etli£ 

TT.xall Akv /a J,lix-»xH jvx sLxll ‘SAa.jj ,ix».lxll CjULxjj (Ja.u'ij .^»L«J) jl.ix ^jlc. AJulkxIl 
I*, j i u 1 jj£j .lklx]l jli ojj i> i rail aLlxllj AI Ax VI | ala.) . A ^Ikxll *»\ jl jj ■■■■!jail U S jl 
jx j A..kiJJL x .1 A. tail . uLj.^axlL A-Ua a-Xj BJj.a.ii a ajj-uilx 'J ^ a jx jjiljj ' J ' l.A 

l Cjjlill (Jx-Cj jial kxll bAAj . -J X,— -'ll jx. j ) y r- VI ^ till j A_kjJ (jl t 'tU'j lx. 1 jkLkxll 

^.Ac- t ^ xkll Jlx i- iiii ljjjll t olixll i_ijjj’ix jAalakjl <■ jl .'■*»jtll i A i -v. M H Clljlull u iixaljxjl 

£-x A-klxll £3 jx LS* *- llkij IaAj ■ A-klxll CjltLxjJ JlxiA-V y H ^li Clljj 

^JIja (_JixJ aLs a aK a AxA x i jjjll Aklxll . a j*\ iI j.j i'g Uj AjjLxaYI CjIxjxx-»a 11 alc-ljx 

-1 11 ~~ 1 xiI l ilkli A_! tlx! I Clad jl j ..iIj all JajLk CiltHitiJ . J5LS a ki Jl l intijx X ^ * 
CjItUuVI i _jx ji^l i iISjj AJ JxjII I1& jli dill A.a \ Uj t AxxaLk Ajjaj Cj1a» x 

. (jxaj'^l ^kxt (jlc- A^JHxll 

aJUJI ^ N - x-*> y%!i *1_ a xa i ^a-lL»^ ~ii ^Ul ^jlfLaj ^ < aV) L5 Ic- 

cijIjhlt jjL*a-4 t A_J_klLa!l L-ijjlail t aLia!I L? i J-IILJ 11 itjifliin Jl ^gij LJLa. AjjUa^oll 

c » 

<_iijjia i A_a.Xcll I «Lix!l ._ij-udx j j-i>.~ill ( A_jjLx!I t-Li-^Vl Ajl x % i l&jlllj oAj_ijxjl 

. AaaUusVI CjIjLuC-VI dllSj pUll Ajjj (Jx^kj Jxiljjll ((jUxxUll 

Aklxll »J AxIjlII jAljUl j»jx» ^ jSxJ Ajl V] Axxatkll aI^Hx A-klx l _]Si jV Ijlkij 

- : e^J 

d-Jjxiixll ^ Cjljliill t....,\>*>■; aUxll L. , l% ..I ^ic. 

C 

. t l^Ua-Ajj Lajic- AjlIjl^qIi j^j-o aUl^d 




*UU Jfij J > ■■■!ys io jin 


. t_iijtjSJl tAuimi fUa.'tfl l AjjUII CjIjLjjIIj CjUL^iJi qa AuUaJI 

S t — 

. Lai aII dlLlJj ‘ sltal] Aj&jj (JloSl ha li .la La] I ^ q 

. A-iaVili Cjliajj Cilulkll AjlaaJ \ aj vUI ^aL^axIl 

£^laaVI <Jla£.S' Cjl ullnH ailliSJ Cj!a«JI 1 tjll mj A il '.^-1 0 1£*1| Ijj 

(n^ ->O£) 

( * 

AmU^J Ij 3 l Ai^UI £*JjjV aJJjS CjIa-LuJU A^.jJ 

. A^Laj t oAkUJIj AjAlaLull AkLdi JLkLoll 

— — — * « 

. Ajladl AiloJIj .laLdlj AajUII ikLui L^l« jrljjl AajJ La£ 

(jljjaJl <_>/» (jAaiaiail c^all A...o yi ulna ilj til jail tjk ojlc. ^A-aJiuu Auajjl ,iaLa]| 

. Aj^ulidl AuCjill Cjlj alkali < laj 4iila4 L. U.ulic I3.1.>>j ^ajj (Ja,l.l<sl! . o jjaJI j\ 

e — 

j! Ji-lajj J-laljJi Ajauil_jj Lj ''a 0L14II 1_i^uaJj 1 ^3 Alaj-JI .laLull 

ajLc. Aaa^JI A_aLa]l Ujj lauj •«. L$ ialuJl ^jic. AajJ -LaUI CjLiaIL A^xa a jjJI (jjij 

^ ^ jL-gjSflj CjIj— i_ja_ill Lijj (jl A j ]£j Ji'ifl (jl 'il <Jjljlj_all .lie. 

«■ 

. Jal CjljUiiuiVI 


i^a (JjSjj jAj “JaaS t"it j.a^} 1 —»J ■ **>!1 jl^iVI (jlc. Ijlaal ^A xl M j c^ylaLill A_aldl 

t 

. yllkA&II till j ^jiU<xallj Ajax-all Jfl x ■» ^ivn jjjtu^a Liu .a 

Aisuajoi ^ j'yjl A_a.LuiJl j-o_uJ ^iLuj-al! I i loll liAj . uSLjjt£-l ° ^Laaxll aAAj 

^ a 1 1 ^ 1 ^ il r. (J A. j r .^lj j jjx jjSjj (Jj A-Jlj • ^jiLaa-all >»jl >UI jAl]lj Cjt I aIUH 

AaLoll l jS CjLjjaiUSj Aitlalc. CjLaUx) A ; ')A L_ilaJ JTJJj (J* 






(Bell (JuJ-aJI (J££ (JkAAi kl V) ojjJLuo L-ij-C ^ LuOJ 4-uikliJl IkUl 
* * 
f->LuoVl *’»\»-° aj jin ~> J£Lja f^y» | ^u«a’i i_sjj«J1 oiAj jaLaII ajjmLaj Juaiall Mouth) 

A A 

iijC. Jl .IaUI ojjjjuIa (ja aLiall i_i j .aJj .jiU II 4jl a.i. 11 Ja -\V1 jaSL aLoaaj 

* — 

^Aj jl AILu -4 'ijjjpo J^Lall *-1 Aj CjLlaIL 

< — 

. jLjjVI ^,i -iWi Qj aj.uH j-kLa. (Surge) *—iIjMtnVl qa ~0l 

t A 

. Ailii Jal t$jl 


iUIJaIIj jI^jVI (ji AajLujIj A^jv'i<<>" JaIaII Ctlllfi 


U£ 


: H ji »a >n"t| j*a Lf- 

A aK'llI AsLaVIj CjljCui_jjjl JaC. i _uuuall (ja .liLoll f-t JjaaJ .' A—iUaJI 

A A 

^jSaJ iJ1j\ a .Uj-a]I j (jialjAVlj iti'-A U Cll 1 h.\ a (J 1a A-iiui! ilaA—a JjaIIc. jjt 1 A\j j i <jll_*ll 

j^oIaa!! ( _ s -3 AjjLcII UjIaUjaVI jlfLcVI ,1aVI ^JL ''jLa . £a.j-iII Ai j^-uJ I j ■« ifc»Yl 

.Lie O * (_jAa Aalaj aiJ tilljj ^JAutlll Jj 4 J itUii Jlj 

»sls1I CjLcIjaI tiUij (jalalij IaUI <£IL .kuj] i Submergence : j.a til 

t <■ 

Ja Lai I jlj lillilj . CjIjjaJIj ljUJaIIj jl$j VI jj-» jjiS Lj.l-vj (_sJI olwll l_1jAU 

c < 

»j'i a’I Jl_Ja uill-lj '_Ij aaLaII (__>iali_ajj L~i(jJi A aLoU CLiIaLi 1 a) ^jAiajI (JiLaj jjl •—:aj 

A A A A 

,Jj3 jaLJI (jjfL (jlj . sIaoII dj^lj <usIja l? c.Ijj L*£ . L^Lil aaIaII >A.*a ,_ s jJI AjIaJII 

. Cijhll j .',a< ! jLuil 


iilljj AjjLo-a c■ Jlalj lu Ciljli'nJill Jaij jaaAjII IaLII ^j^ajjuj A5 l CjUl ,A til 
S\\;*j Ail 1*11 jIjaIU AaLaII jliuill Aj£. ^OAuaJI { j £-Ijj U£ . jilaJI Jaa oaLoII ^JA I 
£1a1 JaIja iIjllAiijill aAA £1 Jj . (j__)Ajall £-15 ^ylc. l i.\.a'i ( _ j JI CjLiujjjJI Alajiil^J 

A 

.AaLJI Aaj ^jll AAiUjj]l djliajJI J_^aj 

C £ — 

aaIjaa jjLocI i _ J ici (JaIaai l^jla a ill jl^JVI ^ jlaLAI a urJLj : J_aIjla1I 

A 

y — , 0 AsLuaJ ^_jaJI £-li Ji--iAU i_u„yLa ^jjjl • AAxolLall aLuil '■ A *»I 




«>LjJsl Jij Is 


aLiall AC-j^j Q_j£jj -j' -> *> VI i—U-wJJ j Jlajllj ' ll.lujjVI <■ Ua li lillj j jIm 

. Axiliill (ji jla *,r jjC. Jjjj V A^auijl ^ 


jU JiiJI ^Uaaj j^jUait 

c 

(jllilaS (jC ajliC. (_yAj A-dlUl ^LuaVI l5j-^ £-aa! ^jlulatll (jil^aui - ^ ~w.n 

^3 *, 0 j^jc, ^jU^aill aliju<3-4 (Jvli. aljAill Ax.^^ .Ijjj Vj • (*"“ ) dH® Aii-l*-* 

. jjLulajJI Alnul^ j ^ -»j V AjLiLxli ^'j -^' J A a j a.ill . A _ ijLfi!) 

cS^ ij-» jt i. aj i h rA I L^_»_aj (j^A: ijill a!** (Jii jji ^jl (j£aj ^SL_^a-JI 

/^ 0 ) (»_“ '/y (jj^J AJuiill ^jilua-sll CiLsJS . £, j lOj 1 A \-l r ■’ ^ ^ Aj-i^LU 

j^4t (_jjjlj aLy»U (3^13 °il iic Aajliill ^ jia *, e JjJla. (j3 l$_i3 oLtall Axjjj 

, oia-t-Lali 

:(Cellular Design) UVUkl |»j<wV> 

.l^Lall * ^_5 • L}UJ1 o^ >j f\ \ ^ ^JkLaII ^-vjaOi sS) (J A*^a\ 

f < 

<_i>a-C- t"n •> a Ail u^nll A jlaX 1 -h*i )Jj Aj jl^I 3* ^Uajil llJk ._)A^ ji O^ajIa Jl 

. diUljAaJlj ‘ i ji a iil 1^1...! (j^AU ^UaiJl liukj . Ajl-J AaUalJlj AjLu^il 

:CiUIJ^I J CjI ^JtJI Jl>U 

. CllljLi-ajJlj Cjljl^^jt aIoaII 1 ^ 4 AuJaljtllj 4_^>iSl JL_a.Ul ^ya ~\,oj 

e * * 

tilliS j . JLuJI (j' lJ***! dilj^ftlla 4/^% a JajIjj 

L>^ ^ <iLwJ-A iJlC. J fl 1 L a^ a£ ^J-ili LiJ^i 

< « * ^ ^ * 
£a (jl 1 1 . L_i^jljJ jl oLuuo uj!,>1j Jt|^>jVi 

. &U-J1 7t\ ^ol ^■LjJij j&lrH 





J»aU 


oUju sj j■>.< (jl i—laa AA1 j»jl 1I jl ‘-"'Ij jyll (_ji jjAjjll Aklall 

£ 

q_j£j Lajj^Cj . (JiiajVI 4 _tC.jiJI GjIA alkali jLijjJ (j£_aj jjS) liiljj 4 «b S. a t ^c. 

(jj£jj . 1 jl ±l ‘ jlaJiJ (jlj-iJI li JLo r — t (j^a ^lijjl j^ic. jjlLuJI AjI^JI 

t * 

■111 .>1 .^La o —V, o y £_a L-IAauIaai Aj^L) jl (jjjj-uiia ^ylc. a-lLt (JkljuJI 

AjjLajSIIj Aja jijiJIj A_a_ulaJl (_yaljiJI ^ Aia. (j^iaj jijJ UUaI L-lA*»lt (jajd <—Jjiaiall 
aJIumJ! Ajc^uill jjiij . wijliill ^_2 : — - *^jj 4 jg'i'll ol jl » r_ Iw j^.,,lj JiaILj oLlaI] 

. AjjliJI ^ jjm • , r ^jc aT)j V aJSII 


Submerged Intakes :auJsU}| j^\ll 

£ — 

(jl J^aJL) jLajllj CjliJ-uijiJI t 11 7-ll A-ula'UiIi Aklall 4 ah ^<1 Xa.jJ 

dikluj] j . AjjLiJI jyiA *, ) alxall jj^..} Ac-^j-mj Aaja-tll alxall (j^Aall Cjlalbuj 

e t C 

_jl VI J 1 a Sj kji ^jAll i L^jjj ejbj A_)A)Aa J~c- .llj-a (ja jl <—J!<*■•> VI ja (b^AaSI 

. jl ^ -^VI yS (y AJLila (jjSLjj 


£ 

jjjl—aJ ^yi (Crib) Aijiil 1 " n -y . (jidalc. A^La ^ ^.iia a ^AajJ ( ) © *) ^ (Jiill 

fi , Ajjtj_iall <—jli^Vl j a T £ ^-Cuulj jA_a 1 p- LajjL Ltf laiuall ‘ iLuaJi 4 r.j'i,.-. a 

AjLuijjJI aJI.Ij' 1 iJ ^Allj clallj alj-jll CjkljA. c ( _ j 1aJ A.^-lA jl£^i Amjju 
o’.a.^ia 1_JS aLuill CjliaAll ^ ^UajjV^ j3_jJ Ajjjl__)]l . jsjIaJI 

(Jga.r- krui_^La . A_uliJI y, *1 ' , ^ »1 a . -^ dl Cj LaJii Ala^-u j-Lall oLiall AjC-^w . AJa.laII 

. jia ^ V Ailall ^ oUJI 

t 

Jb—a (Nutrient) Aj W -a Cjl u^l-kall ^y <^_yy all i'n -S. oljlJ-iJi jl Cjljj-i-ll^ ^yi 

(JjSj AjUdl aAA ij£ _^J»Aj V Aj jlaiCli i_j^ajLua all jjli Lljl^iiJI 

( * 

^yi Lai .cLall «Ixuj (y ^yC- (jic. jl AjjIj ajl__>iJI CjLa.jJ ‘"'J•>■ (^ajiJI yt 

AjX. jj ^yi I—i^LL^j Aa.Jj AJli t'll i Jl jJji ^yjlxll (_gjt % all dujb A aj a«JI Cjljljyl <lLa. 



aljJU Jii j-u-j! jo 


l~..n "w sj j ■>-)!! Likll Cjl i jl-ill ^ya (. m a J jLJJic. . jjLa-C-VI ‘ fl '~i •*- * tr. al_uJI 

* f 

oLiAJj (_£jl*JI ^ r . L,, ..aIl jjV 1_)iaj J»]j IfcLJI J UjliJl tn.^VI j^yi JL*]i (jjj' " 

A 

. «.La!l Ttlxji /j-« jia Y (3 aC ’ J^- a ■ (jj£L ju^ic Aj'j •>■■■' jj£I 

JL>lil J ^ 

— * 

eJaUJl: »Ia«H £Aaaj (jlji (j-« ajjaiuJI ja.LJI JtaC.1 JaJjJ eljl 

t A 

jilj aj,J«.^->J' i' ^LaJ Vj AtK-a (jlij'i/l (jSlj tjjflj jl ^>AuiIjj« Jo-i. jjj5lJ (jl j£-aJ 

CjjjL-a. £xaj Iaj J <C--j-uill jjSu . A A a ^all ujl^j, o 'ill aJLa. J AjJLauij) j)j£u 

ijkb j)j-llJl jaaSI <■ _ ''-VI 1 aAwA*ai]l (ji (J-C-Ijjj . AjjljJI J _jlo Y, X” — Y jj^a 

J_Luil j^a fijLc- - ^ *k ~' - J i_SJ-> A ^ J-A-“l J -all j»l.Y V~i ml Ajfc j . AJjjUa jjA JISj (_$.i]lj (_ 5 J-a-JI 

A 

Y , Y — Y cUaC. £«ajj . ejj.rv jll jl jjljaJI £- li J. C. (J.lik Ji £uajJ tjJI i Aajbaji 

Y Jl jaJ J.iij ^yillj jl> -aVI j-ul£ ^j-a Ajjlc AiLlia Jl A-iluaVlj aJjuLall (jjS 

A A 

J (jiali-iulVl (JiL) VI jy-C J LtS .^XuiIjaII ^yt Jjia _P-a <J£3 jl >aV1 JuuS ^ y* k—UtfLa 

■ j.i <<-i,all J u-)j mi all 'lj lilKj % VI A >j"'i jjJ (_$Ulj JAA 0 qC- a aJill 

L.UAj] jj^aLi^jVI jl jVI (yi JpXiyA* U-lj.ni"|<Q ^ (^_ja-JI ^>AmIjx ^uajJ U 1 ls^-Lw 
(ill j 1 jn (jl^-al ^-^ £ - <iU ^yij . AjlOj jJI (_yn elj4^ j»^lA ■> jl 1 AjUa *»■ 

A 

JUlajil l— 1 " i^Jl Jfl V ^Jl ^.J^AII >JJ « ftjj ^ j\ ^ lil ^Ixli t 1J.m Y 

1 ^ W,1 \ \ jluik.1 ^ A i al l tV-^ 1-*1\ <i a\*< "V Jt\\ ^ IjiVIo^ YV Jl YD£ :JliiVI 

. JUI jJlua-ail ujjjia] 













■>UI j_JJJ Jij Js^la^ 

























dLtt.1 j Jij jajiil Is 





































^vu^UJI c^LlII 



A^Ull I oliuX4 (U1) Jti 

Water Transmisson :©UljAi-T 

4_il»ia l^ '.j ^-J ilLa. ^9 4_iiL*-aII Ain ,a a jjJl jJl*sm 3I /j_a aLtOI <Jij l_S9j_ij 

(jjaiil (J^-a. 'Oil (j£*J cLalli . A jlvjll i_jjjajV! ^^Ic. eLl-all £JJjj 

I a] (jj£j ol—J-all (Jil ■ J jJSii I « j jl |u J Jil Jaj]ai t ^ I — \ "l ^ ^ (J^ ■?■ 

* * * 
jlj'l iJ .lie. AjjL-eujYl j Ajji]l Jpaljjil] jUi&VI iiVI pjL . rtaalL) j\ AjjjL^L 

sLloII (JLil jjLaJLuiJ Ji3j A ■s.U* 01 aLiall (JIj t -'uljj V 4_^jiiall I'lljiall . A ij«.a ilLil 

t 

J .ia * > H *, V (jjj oloJI AjC.j*u [jls (jlijVI jl Clljjijl ^UiJL»il aIIa. ^ . ^LaJI 

f 

jia Y 4£-_)aOI jjjSj (jjJojj AJla- Lai (jjJaJJ J>5kj ilia. jji lilLj A-ijliJI ^ 

,^9 ( ^ "I y) (J£ui ® * * i ^ -Sj.l_a. jji (Jiall Q_jfL) a Lai I (Jii3 A j in j*__)ll -La^l-i ill . Ajjlill 

t C 

aj Lx j_kll jl (jtijii n jVI jl jLlajI iuj ,ja jliaJVU jSJJil yu 

*13 t, ^ \ ^ 4 fl 1** ^ aI 1 4 ^liaJ 4«li^ l^ili !-*• 4 U «v ^3^ » 4 -v 1 j a aU 

p t 

iillij (jJjIaJI JlJLLaj Jc. JaiJl jluuo £)l (J^LiJI Jix C>® J*- 1 jl 

ajIluJI 


r. v 




•aLU.1 3 J*j j-lujI Ja j.Lv~k 


:oUl( L jjLJ <Ui<a i <.fl.iduH ol 

•Cgal yA alial] u'> fijlc. AajJ • ^jJl (J^lak J -;Jtls <aLi« otuil blllaLia) 

<alut-4 j!>]l 1 *_jll 4 jAju 1I La jp> n -u (_£A]Ij alull dllaLllaj -llaxij 

£jjjiil 4jAij j&a'}/ Houilia 

(J-L xa j Cjl_^.lj_L3>yi Jj HSUw iAlc- jljall G.'.j-iil Li. ( »x_b<aJj 

. 4uAa]l jl__^i. 4LJjJ l$jljj£il ILL jl$j]l Cjlc-Li J^Li. ^LiaVI ^Lij . Culj 

AAJ . j»U Jalc. ^aj-lil (ji oLull La (Ja3U ^aII Ja ^ AlI Cjlc-Lw AAc. 

t t 

. .1^ \\\ i J *) t_>o inj . (Js) jl a_c.Lmj ) 1 (Jjju^u11 ijjlx>Lui 

1-Ual^Cj-Jal llllp UJjii (jj£Lj jlj Jj«_ulj]l L-i U3 3 4 J-.M uL 

CiVLJI ^uo-a ^ j^Lj .ji-ljJI jlub» Li. jja (Hydraulic Gradeline) alull -u 

j _ ? usSl ijo'd ^aLjaII ^'i.i-ill ajLs jLui,] UaJ ( 1 1 V ^ Jii ju t jc (JL V atLI L» <>» 

« * 

Li-Coll j^lj i_lj »-Lj1l Jllc. aAlc > ~i A j V L» Aa ^ ■ >-» ^1 . lIiA > j jl j£L- ^llll Li» .Vi 

CjLc.lLa 4 '°' jSL) l-i»An ^ ^ vjll i _pajLj . a Lull Li. (_>S5 AaC- ^fluliuiVl 

LlLI (_>bixj jljill 11* (Break Pressure Tank) La Call ,j>>a il jlji LgL»L 

.^jjuUJ^> 11 alull Lik. jLaa (J_jL ^C- oA..1j> a j£GI ^ oli*ll ^_yLn jjSjJJ ^^Jjliiii'VI 

4 a jTi AjaLx- j-iM ia jj-Aa lIiALj AJ .jiAAill (Throttle) jjj ajjj. C^.ll AJlc-j 

t 

. aLuil La (Water Hammer) -uSUI AijLJI jl (Surge) i _ s LljjA tjljLAaVi 

c < * 

(._ji jl -s. a!1 j\ A y)^) idA 

*■ 

Li<>i jl AjIj i->« i<i Ajc. ?ujj ^oljjl ls Lj^jjAj^jI l_iI!__>LA aVlj . dilaCaD a ( _ 5 a.lLll 

(■ 

. jaul jLI Lkl JjUAj a^ lXuij jl (J?a)I 


Water Distribution :oUll jj j jj jULs 

* 

uLiJi !*»»/—»U j (J^UOilj oLloII ^JJjJ j^jLo-uJ 4_LaLUjJI (JLoC'VI 

t * 

i*J^olI oLiaII 



















. jijll L* ll 

. <jji*]l oLyi!l iljijlji. 

. aLdl £jjjj 4£lui 

Clear Water Tanks: tee it jit oLil ,jia\ • 

jJjSj \J . djl^ul^Jbja <JLujI j\ (^yajVt £tla-ui Ci^J ajl& aLldl LuJn 

(Jjjuouli L-ij^la ^9 XmVi 4 _C-Luj A —1 &Aa 1 ^iSa! aAA A ilix 

i 

aAft Aj_m jjjj aJ j a «<all Aajl^uiil CjU AA-jllj aJjjiAJI (jjlaL-ull Lol t aj^a-LuL^Il 4jJsL*li 

* £ 
aAA ^ L^jVi*-aj bLa^I j-jI m=>« >3j3 sauua ^»U aJuJ bLl«11 

it c 

aX< iai I fljjla l,.Au v AjUlj_aJt jl /jA»l_j_a.VI aA& AjlaJ ^jL^jll Aj ~1 -^.Mt 1 jjSLo'V 1 

CjIaAi_ja1I ^y» (j£ at-idl ^Jl»a jjAj (J|_>4lt i ) & i • £JJjjk AjlIIjII CjljLuj (Jji-uiij 

.ji« t ~T Jlja. ( _ r AajVI oUJl 




jjiuLiJI <_iLdl 


(j^AJ (_yil jl ^ ir) Jiui CaJj 3 A bLul)] (JCxAi 

^>1 a i rti JaAaI! bj^uiLa • a-i^- (JjxjSj ^j£xj j 4 i^lj ^yta j a£ Ia^JjjliaJ 

(jLtt^al .^jtt JiA tfa'lll (JajJI 3 C- alia! I 4_Jjm'a ojLj AjLa. ^ bIaaII (JjaC -*■ AaIIjjj. 

« ( 

j3<a_jaJl i aim (jjSj (jlj jligj alo-nllj (JaAaII aj^*aLa (jj^J (j! jJ.Vatj 4 bEa!) (jl Cijfl ^AC- 

bIaaII LuiAJ . CIajUI 3 A ^AjLaaJ 3 AA j Y (jc- V AjLaaj j_>iajVl Jtlauj 3 A >lc.l 

i oLjaII jtij OViJ^Aj <il^l $ 'i niVl CViJtA (jAJ AjjljAll A jla C. bA-C.Lula.L 1 A-j AajVl 
.lull iCLjIaIIj 3 )^ U'lll aIja (jAJ aL^Li ^juaLXj SJJ3 31 a jAJ "LaII jjflL'i A.jl nr- ^ aAC-L.. a1J 

. AjVfill clia^l JLLc-VI OVla. A^^ja! 4 (jj 3 ajl Cla.lAAaJ 


(Eleveted Tanks) (H£) J£i :£jJUJ1oLlloU1 

i it t 

^L_l 4 I \ n i ) ^>iSI jl 4. i»^A jit L_j]l ^ylljAi. jjJI <T“OJ A_x-ull Cljl__>iwJI flift l.lltAA 

0 IS alj_M 4 CjL (Jajiaj j^lLaJI jA-S^I Cli^j Jji u'l AlLa. ^ A-ijjjio dilj_kJI (jjSjj 

* t £• 

oLia!I £)j~) * v < 3^1 jl A_C-Lu ^ r oialjl AlualjJLa A-C-Lu Y£ (jjAua U^" t-),'* ^ 

j* ; "Vl Alla. Aj j-k-Ai l bIaaII iJLXiiuilj |_jiiiaaAjl dJLT$Au:Vl Alla. 


(m 41 no) j£i -.i^o Ji\ oLii oui^ 


3 )j3 > a! jl bLaaII ojIxj) a^Saiil oLiaII La] i*j Aai>ijVI sLiaII CLI^^ 

*-4 ft a <<“1 \j AjuSa^a A <.» \ C 3<ajl ^yic. cljljdl aiA LiC . AJjjiU aixAlIj A^CjaII bLaaSI 

e * 

■iaiiCilj Ai’la iic. bLaII ir>«Ci! AajILs 4_llia.l |j_^ U^J oLiaII L-Ijih'ia bLc-Ija 

AjLaai jj^ALuiaJli 'Sc-jJ^aII AjjaII ^yc ^ui n * i ^Ij^l • a °‘“ ^L.«_jj ^3*51 

jaJI bJj3Jj ajl3^ (3 a bIaaJI 


Stand Pipes ( \ ®V) J£i -.^ojUil ^JI^LumVI oUI jjU 

e- 

AjUall . (j-ilj Inal (JSaj aJj 4_iLajjI j^A ail-£ ^ ■ ^-J .Ajjixll CUl3aJI qC. (_j jjj 3 ' *' 

t 

lift 3^3^11 bLaaII <.'n,.% iAJjj-ijI Alai 1 (JjjJ 3L>^I A aiiLo!I A j’i jj A ~'l 



































ulillj ‘UaAjJl &L*II Axkl ■» ^ "W) JioJl 








«?LlU £—J Jij Jg> 






^UlaJI yl>j a kill Jail JaJaa- (HV) Jti 



Jilll o-ui 


^jjJI kJLilc-U- 


<>uji jd**n (>) 
»U*!I 


^ 4 1 «.Tfl (t) 




'ilNJ jju jiiil) (^A) Jii 













LijJI c-iUJI 


AJUmt uL» -1 

J-ISI1 jlA_A !^l£- oIaaII lilvl j*' ml d)V.AJLA jjJ « Ml (_£Aa ( l 1A) (JiuJI ^AajJ 
(jlj-aJI Ajuwj t—jlj-u.-k. 4_' °j £ ^lojJ ^AAC-j ^j_lLu (Jlia ( £ * ) (JjA^aJlj ( ^ *\l) (JSLull ?XA«ajJ 

t 

~j a lul <11 .IsaII . ^jAjaJI -MM j"' ‘A 1 ! « J ^ y 1 1 yk (I) ^ •>-> '|^U . lT'I '»IL11 i3jl| djV.llLAJ >_£j1a]1 

4jl$j AAC oA^Jj <la4j jjJJ (i_j) -laiJlj (^) (j, ' -»■ VaN ^ . dll ) all-ill £ijj] ^JA >1 _jA (l_j) 

%■ 

Jjuil JvLa. ii]^Lg-J_AiYI j_£jLuiJ 4-C.Lui Y £ J>La. dil. Ixllail La (jl ^ '•>■ *'*11 

('] (Y t ^ ) (jAiJnl'lII ^3 aLLj] (I) ^jla.Lull j^lc (l_i) iajJJ Ja^Li. ^JJ . ajjill 

aLfc ((_)“) (jL) - ^ ^ ■ * ~ “ l Lu^j ( ^ ) ‘LaLill Ait ^j1_Sj ( 1 ) *> ill Aic. c-jIaa ^jlj_aJI 

< ( 

l-*'^ j '...VI (Ja « a JLaJ ‘Lai' (_JI Aic. (!) **iail ^IaaSI (Jja q^£L) ‘ £ Y * * LLiil 

LLa. ^3 . £iijl! CjLaa 11»1 ^AaJl (Ja*a (l_i) ^jo w.'-all JaiJI (Jja JL«u .^^LaII Ca9jJI 

^ La£ LLula AaiaLuII jjAa. l-v l i./i LuijLuIl /^a ^tL 1 X oAa! cjuIa Ja*aj dillaHall jJjjuij 
Jiilb dadojAj! djljl^ajl Ajcu . dallaUfill *da (Jajla _y& (~^) iJja (jls JSLLI 
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alkali jI-IaV CajVJI Aj uj^li aU^all Jojlaik ab-all £jjjj A^.) i u jAmJ 
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* y.J A dlji I'iJBn) 

— (■ 
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»LJU J&j jjaulja 


WyJllI ^Hal'_j (k-jlJajuoll Jb - V 

.(Surges And Water Hammer) 

A_uLa]| Aijiaallj Jajuuall ^3 1 'LU.-^VI CjlSjaJlj slaxS! (JS_) JajJai, J ajLc. CjAaJ 
j_j3 l~i jll ~al) jl A ‘ jlaill aaLjJjII ylh (Surge) t _ i ijn.'.-iVi-3 . 0 u£J l.iii j.I LaAj 

(ja jjujl_>-.a1 1 j -^-Sl r.. a AA j j j ..iljull JajJaia ^ L_llj <. r_uij laj ol_LaSl 

t 

. (Surge Tanks) otiljA ^h-v-u^li j! (Surge Relief Valves) Ljtji^aVl 

all jjina A »' v A jjiaj dllaSj fiJUall i tiLa. J ^ujL"e a o^jLuVI ^l*ii U 3 j 
J Jjjull ^ulalll Cjl 1 mil-ill Aiat a ^3 £-j-a>jjl pAC- (jujlaa £-a jjlc. l—iljJaA-iVt J 

, oLall jjbju! ij-^ 4 

Ax.yui jja 4JJJ5 alall ^3 jjajiJ AjfLialijA kiin Aivja AjjLJI AJLai 

C 

< a'i I j ' gl jj ^lllj j a J a »-v i' A_jjLo!1 4 °j.U Ji A, ,4.1 ^r> jjjfL jjl AJ . Lllj unll 

J vLk a^j-aiLiiJl 1^43jail yijk ( _ s i3 ■ aJi_j-wLa]l ^l%j dlLiaDailj (jajl •> all jAaAjj lll'Xaajll 

* c s 

J^qLc- . <^jLua]I (JIaC^V^ 4jUa]l J .*) * r\A £- UaLl] jl ia\\ 

t 

J_ju.ll t_ilii A3 (jilij ajjj^a AalLa A3_jlaA A^.j-a Cl Ay.) jjl (jSLu ValLc. 4£._>al ^Jii-all aLall 
jJvLi. j»LaVI J\j 1 alAtl ^1 AijJ Ai_j-all oAAj 45>u«ll (jj AjC-^jill jjaul^all ^jSlj Jaill iaJS3 

. *." ' a -,jll jjjaJj i J lK* VI i L^ 3 jll ^yia. ajjjoiLajI ^Wl 4 

Surge Tank wJxJt Jo$> 

A L..1 Jj A£.jixall oLlall aaa. (JiLuiiJ jl AjSuu alj] J (jC. ajLlX- i_JIjlaAoVI jJa y*. 

(jjSj (_jiaj-aJI jl jjIJiaII LlAj . jiua-all £4 jjuj La ., a Aj Jaill J ^^ VI 

Laa a Loll jji alj-^ll S 1 alkali aj al-JLj Ijj j-a. «.JlAa 

* j ti .^ 1 J ^laa’l; AJj . aljA iaC-Laa ^1. 1 l . u lj alj-j-ll Ti xuu a SaLc-l 

i 

. f-ljjg-M *Jla 1 cl] J <jLjij Ia jl JaUaJl ^ja CLu}~b 



( jjujLuJI ^jUJI 


on** 4 ajxu.-a.rij <■_4 -ajIJLqI pj^UI ^ t. \\ ... «vlj 

. 4-Jli]l CjIjIuII tlv® (j!3^ sUjJI '_ijioi* 

. , ' a-J1 \ )U l _jja^)jLxji ^jj*iiljjall Li ~v j aj^-jLoJl Jjja — L 

. AjaUsJI (JjjLij jl (jala^all (Ja3 <_Jj 2 4jjli]l ^^3 t m‘s*II iliflll (jl^** = Q 

. ^ j aj^uiLJl t, 4^ Lata = & 

. £J>J| jiAallj jljAll ^..Vifl a = A 

(jlj^ jji *UII H (jJJ*5 (jSxj Ajj^\ 4jjlxxJl -I •'^.li.iljj 


Cl ta.li VX = 4jjjlaJl g d-LLa. ( - ^ Q = H 

r . ' g x A x a ’ 

;< uiai si jJaii ^ad\ jjuU ^wai c*i yi 

c * 

[jl jj I j j -.ilj <■!! a_^lj p jj ~l' -j i-l' wu'i <_uLa!l ^ <jL. Jl jjc. L-jl_uil jill 
Jj_a>j>all JiLaJ V IdAj 4 _aJj 3]I d-LaJ (J^iaU 4_J_uilHj ojLa jua (jj£j aj_j-uiLall 

dua i ajj*aLa!l ajLa <oui a-Lall 4jjjli]l Jjaljua ^laiim] LuXuiIl Id^ij . ,Oj-«ll ^3 ajlc 

. *, X j[_j5ul Mr jAl 

4_uLa]l 4_3jiaJl ajj.l] fj^-ll OSjjl (jc. (jaJ-a-all (Jiil (jilAJI Ci3jll L_iLw_aJj 

; Aj^)J\ ^JjIxajI «aAAuu l^jjd-a. 1 


2L 


=T 


ini' 


=a 


4 (M r T r+ x) 

. fj^UI t>ajJI = Tl 

. ^.isJL ^ ajj^ijLdl j J^la = ^ 




al_d,l £_i Jsj jjauIja 


. Cj J j»^3 £"\1* «.LJ| ^ kc-_yn tAajljJi jji j»ji]lj ojjlll Ac.j«i — 


•, X = Mr 


. oj_^*iiLJl ejjjjLoll jl»2 jjJJ Ajjudll — tf 

IjjjVIS AajLJI S^jUjII /jc. ^uLillj ^JlaILj l~«la3l AjIaj (J^aj cdliSj 


c-Loli j^ya j^ilL AjjLJI ^ijilajaii Aa.Ii^II aj >3 = ll LllJ t 

ojjjjLJI (J!i^ (jLsjAill Ac^ull jji = V 

tli I VX, X Ailaj^/I aIac. = g 

V LqJ (jjtjj sit (jjjLLmj aj ' j£'lj AJi j.. ; l ^11 JjLs (jli A j1a»1I A j 

e 

CjIaLualII Jail <C-Jjm (Jilj . AjjLo ASjia* CljAi. *■ . tU u j 


Ajjlj V* p* \ Xo <r~ \ * • jLi 
AojIj £ O ^ V * • <r- \ O • jlai 

ALaj > t>^' f- o. • <- VXo jLi 

l-l .’^ (jlj • A \’-° tllLl^j Jjaj ^IC-j l ^la* A J jj*sIja1I tllbl^j laS 

jaU _jbia.Vi ■■<-> i—»■ •-»' IjjJ V (Joiulill 



£jluJI UjLJI 






£l\£.y±,yai\ 

TAo 

L_j^viJI sLi* 4 «jU^ 

TAA 

Cj|#LiajVl .He. 4i^;oljj.ljl (_Jjil) (ja 




t 

^-ulI^aU djLujUijV^ 


^lc. UjtuJA 







t 

^Jl aJI^j U-I^uill ou-a j * jj\ (Jaju l^jLftU aj ^}j*u<lj^a!l ^_y* A^j *u LujLuI ^j5j 

1±[c.\j In^AVtll ^lc* Alj^ -kail (j^AJ « JaiL^Jlj ^3 Aj 1] AA%^all JAjaILj ^SLaYI 

t 

l A_ajialall ^ A_i auIxb djlx.la]jj ^ .^i ^1 Aj j .v_i.ll j (jiuLa-JL iai^ail ,1 ila nj ^cdaJI 

t- 

(Remote aju a^au-ll jJ-iajunbj AjjuiLlJI jUasVb CjL&jJJIj 4 _uajj jll <jjJu!I J!!)Lkj 
AjjLLjI dlYLal! tillj ^ Iaj L^vl^luiVl (_dlla-al (Lila i_jjU-iall jaSjj (jiaj Control) 

t 

. A_) j5 ja <Laj <ja oli* 

(By Passing) ^jjjajSI ^Uijj (Jiill ^-LuiijA JaAu aa^IsAaII 

. JVI oLlJI A-ic.AJiljA j oUa CjUIj^.j CjIjaUhj ^SaAIIj 

* _ *> ^ * 

jl oAJA-a. A^Litul £aJ Vi« .3 . L*-3jJL a QjSj (jl t. i>j Aju^aJI ^ ^jJlAII 

c 

Ajjb Lai Ai_jjuua]l (jLlioll L Lalb >» (ji-li W frll (Jj.iv jll (jli dlblJLLaj 

^gSLxjjJ.lJ 4 JI t_Jjl> 'ill (Jajl! jjJVI l—UnLail ^Id-a-3-J fUaj (JikAl OJ. J_aV) (jjj Mil) (j3 

Jt- Ail «tl CjUU-JI JL j fljllj. mil j All dil.lJI j ^ 1 '. a_im(j . f i laa * ^ 

JjiaJ! duLS jjlj . iiajLxll j3.1iJI ^aiu - fc»» *1 ^Sa ~ill AJJj 4_C-j^u ^^Lc- AX-Lui Jj j_i_i_«£lIj 

^yt t-J-A. jl "JJ * ■-- 4 ^.' 1 » (JjlaJLl ~"' ^yi J£] im'i dilljL» Jijl.l aJlj A^-AaLl^l 

. Aj Xllilll CjbluaJI ojjjS ' a ^jJala 

jliL&VI (jSAjJI diVAxx ( 3 -* CjULull 

(_ja 11 (JSAj AJXaj . AldLoVI jl ^jX aojl £ajla ^ ^^2 ^_iK.iiH j^ull (J.Ij.^ 

* < 
ac.Lt£ ba J-*-aj A 1 ^ \ A.*' J Ijl . /. L^ilWii a^J_uil^4jl jUaSb 

, yj ^obj ^aiaill j.vVa ^ i^yt ^J^aj -all (J^Iaj . A U-v .nil 

iL 5 5uIjJ 'i j ^ 11 I— ilj K.'^iVI jl <ajU!I idlda-J jjl (— ilj yj 

t 

• ^11 . • A \ a\L>U ^JaxL 4 (J^u 4.4 J .1 \ jl ^jjLxaU t II*■<! t^llJj 


VAC 




sLdl £->j $JJ Jij jAxulis jJo-A 


1 

bAA y* <AjJaiall 4 jL* ->.1 J.j «aaj]I C 1 L 1 U C- £>£■ 1$UAaAI jjS Jij V elLuVI (jjia (jj 

<±aV-i^ ^jLc- j^ja <a] 1 i all j AjlLjIaaJI dlV-uo^ilj >_ iJamII . 4j jUsil AjSJjjAA^JI (J^LuloII 

. s’Lull 

. £jj jj jja!jaj (JLi jAuJja jjit jjJ A<aaill l_Sj__)U U _ii~i jjaI_ja!I j»lAiiuilj jUoSl 

^Aaul ^jJI ya AjAaa AA£- l^jlr- jjjj 4j]lc. Jajjdia Ait (Jaj»j (JLi]l ^jAml ja (jU Laj. aC-j 

* f « 

y '— Jj-AA (JuJLaa 1 i. .111 J i%Vl 1 lilaJJ AJ AjAic. 1'1 j ■vl jl <j_£.jjJI 

j^AaII (JjIajI 4_tuOJ^>]l A^iuill (Jsa]| ^^jXuiIja (Ji-Uj . (Jaill jJaI^a ya aLJ! A^V LidaJl 

• 4u-aiiaJl ^ya j\ ,jJ^)ikl (Jfij ^ja < 4 all 

t 

^jSLaVl jji oLaj dil^Auiail oLlJI yi jj ^^ill ojaaSII A^AulII uJh £jjjl]l ^>auiI y* 

t 

jjiLiAaj rod eliul j\ aAjlj Ja ji./s* t J.Lu AS AjiSjjaII ^jjLaII . AaC-Ia^JIj AjjIaaII j Aij^tull 

• (j* la jIK<aII l-.j aja^IIa oLJl jasja! (j-IaJI (jjjjjj 

(ji .>a11 CjLaI iVa) yC- AjjA oIaaI (j^AAil jAjia ^jli iAjVLaII -L« * ^ 

fi 

y\ Ait t—ljlL -all JlsJt ^SAjJI J^SjJ jjiC. jjjjj Z « jL'aII 3 j ->. —~ . A, j-LLaII yaxj 

fi 

, jS^aSi y3jJ (_$a1I ajj*jjL»13 ^)iaS LS^ - * * <SI AjAsa 

(jV IjiaJ ^AaAujJ La IJlc. ^J^a! JJJaII (3®-^ + (JUII -'...VI) fl y ; L11 <C.La (3®"^ 

t- 

oaLj Cjltlj-al (_AuiIaa jjlal JaIaaS 4j Aa.^ Lilj ^Jj Laa. jjaacj la^jK AJjAa JIaIaI 
3-L1 ~i.aH ^-S A yC- CjIsSAj BjjaiLa ^>ia3 JiJ VI (3 -aSJ . ■“ »" Li^iL^LuiVI 

dllj j J r - (Closed LoOpS) A alii <all A-ajjaiall .' 1 yC- <jALlU <Sllai oj_^uLaj <■ A ji^.-ll 
j_d_j3 ^-l,c 3^*11 . 3-ju^ll a ji'itl <aLaq1I oLaoII a_i*£ l »<--! .•^'i l•• ij. ^ <ix«3l ujLL^jll 

. iAjIa • ''*■ -1 AaAuiL wA-dl <j| V] Ale. aLball ya <jslill <1*^11 

_^Uxl i^all . I^jLaIaaaIj AajAaaII LlLAiaIj IjLllo ■ j A^AuIl <0 ijSLoll L^jLiaLsj _jAuJ l^all 

t- 

s jjjaII t Aa_j_aJ1 ^»A j (J1a Aaa. jLail (JIaC-VI yt j«i <n a aL^-a] usj LajIa (jj$Z 

t- 

AjI^IaJI Ja^t Adp\\ Jl AsLlaVLs cjaJL^all Ci^J o'lu 1^1^ILoj-U i LliUtiluVl 

Cj'lLs jllij (Jj iulu i lI^LlaLLJ] AjJI JJuUli syz* julill Ajjlxil JiLa 

t * 

■ jAuil^all ^IAlaauI BJJS (JVa <£iuJI Aslia yC- Ajjj ‘UhAa (JIaC- 1 t ujIaJj 






J &<>>M j*u)ytA ^ 




AjiS^Lftll i_£j-&]l (J£ l ^lc. oj jl _2 ojj-ujla jl ^■all AjLs 1 —g-I 

• Aj^jLillj 

j_*_*il ,_)uLj _3 .lie. s_jj_j_c-j djlj_L-a L^J j_j_uilj_dl A-C-li^a ^-2 4 «^'i-» J jI^JI JS 

(jlisll ajjijLoll IgLIii (jiJI sillily VI JjlLa pluiVl L_kJlSjj t ~] j 4' 9 jl»sJlj jjieljisVI 

* 

fjS jl sIjVj^Ij-JIj AlJaia A j.u J j) aL-a (Jlj sj_^uLo _j^n£ jiaLi-s (jl . ^ J 'a *11 

l inull (jl . aJjjjLall jUjLk] (jj (__)*3_^ajl t ilWi J LaJ 4 jA.H -t fl^)^]-i-i. JJJ|j (Jilj Ja^ 

Ijj-^ L_* j_-£j (j-^Hjll 

® i !• 3 4 5 -j * - -> ~*H p j_*a jjk 

a.'l.j-.^ll <ijj*-a!l ^Jlc. 


(j* iJS] Cjli*jal^Jl 
H 4 aJ Vt^ll 4_jj_« Ajj^l 

0 j .*i *N ^' .* 1 . (^jui«jLillj 

$ .lie- 4_jl_S fljj- ^1 -all l^jljj 

% 4jjJ«_a j>J»ij ajj-uiLoll pL-ijJ 

f 4 j_jJaijJI eillil g.>|j (_)^x)l^a.*L 

5 (Moisture Stresses) 4 jj -ill 

*■ 

f Ai ^il ^u^bil! jU^a iil!i£j 

^ ^jLti II JjIa ^ j- aJl 

* L 6 ^ • *1_loYl pb-jl 

2. «* 

frL-iijVl £-3 j— ft ^j-9 

AuiaC. CjLili j^l AjlsJjJ 
D i X ~i b $ ° ^jl_«_aJIj A_C-li-aJI 

W =^JjJI (> v^all r jill (jjjJl j' *_il (ji iifl (jLa^l 

B = JJiill uije .j r« -l.„J ,J aj^aLll 

H = Sjo-L- 11 £liuj ^ 

(jjUi jji Ajjiidl jjmIjaU JaaJl (^AV) Jii 



V 






aLki! |*_ijjjj Jaj j u.JJs 


: wjI. Usctfl x* xS~*\xji\ oU\4»y I - r 

* 

1->j« iColl dlljL^xJ l jA $LujVI AJfcJ 4 '" '' J " J_j-uiSU <j jj ■ aIi L-jLa -“VI 

AjjjjJI JLac.VI Jjlj (j-liiJl ■!»jJAj Aj>dl AS_>aJ AjjkjLaJl Cibl$_a.Vlj A_uL»II Aj1a.Ia!I 

(Jnij Ia£ l ahli jjJI (_£jjj (ji jixj (J£bJI A^jlid ‘Ui.jliJI jl Ajla.l.lll AjalS jjjdl AjLaaJlj 

. ejl jjJI AajJ 

c 

. BJ^-ujLaSl £-jJ jjC- Jtlkijl ‘ «J ■ -»< * ~lj J A ;‘j jSlu CjbLfl vVI J Aj^LhJI (JL oX - VI flifcj 
— « < 

.■(jjVi Aauullj jfi-u (jl <■ i>j jla CibLj-akVIj JIacVI 

jJI JIa»I -i 

1 c 

. Ar-jtili jl jllaj VI jl laa^li AOiinlb tilljj oJsbj 

c 

Ajjjl JJUiiljJI Qjjj-.J VIJ M ynll >Jllj (_£jL»jll _^Aj]l (Ji« <j_>4 Jjill JAuilj-ail dlbj 

(jli CjbL^yij JL^VI 4 — «jb-«l ^jll jlj—>11 clilj ljLJIj l* 1'i i4iV-tll J r u>il_yall (Ja. Mj 

— f 

AiuiiJli (jl t laj t.j^uiLall 

:(jA (Rigid) Aj jj«JI ja-iIja 13 ^^11 ibUj* 

W = CwB 2 

jjU i fju j«j: = w 

l»J^ll (j^> 1 ■ Hawaii |»^S11 (jj_jll =w 
, BJjiliLoll >lc.l iic- (jAiiJl (jia jC. = B 
(_£^lj »Jj-LuLa!l ^ya JjCj j»J jli (jjaj*!lj ^bfcljVb aJ^Lc AJ = C 

(jjdjkl! jb a*j ajj—ujLail (jjaJ—C- (jjj ^ J jil iajj % .a tJ -ic- (_ K» il l 

Aj_>Jl ^Jiull_ ja13 

W = CwBD 

ijj*„Lj| _^ia 3 = D 

^ \ AV) (JilJI (j<4 (J_^waJl (jSliU C J»ji 


T AA 



uUI 






oUXI *_i ja Jaj j luJI s jt-’ 


t ajjjojLall jlaal laaL <■ eh^.~' Olcliaj VI lit 4 f'} dlijlll i_$J -ill jj-o tl)bL^a>VI — Y 

fcloll t$lia_lVI 'La.jJ 


(Thrust Forces):£3.tfl<jf$5 

i^jJLiLOj Llllf^Iu m j <jL*jl£ i^JA ^UQJ.i^a-all ( fclaAll Lull (jiil JJ^lJI ^3-ill (_£j3 

jjlilili -lax-ila]! jJUj 4_1 c.Jjjij <_JjLwJI (jSiJ ol^jl J-uu A -y _} u L&jAfcj (jiuLa^j 

. Cy* lSj^I oia (jji^jjj ej^MiLaSI 

oLaj] j^Ja A^jjj (Momentum Force) <+*£, #ji ^ JjVI *^131 

« < 

4 j-* ‘t ^jjij ^o cLaij l^I tj® *_Uuliij sjsJI (jl linit (JjLiill 

. eLajVI 

Fm = (W/g) QAV 
oUJI jjii Cy* ^Xiliil ajill = Fm ii.ij % 

( L —'/(») ''■aAUJI Ai%r. = g 

(•»> ~>n e-^j i'i) ^ — w 

(C)ajjill S Lh! L>& is^ itjiull Jji [jialLajVI = AV 

(O ^ /f) ijjl-^l t—= Q 

lai_C<aJI (j-a A^ajlill £S.}]I i^jAJ Ajjliollj !$■') o'^ j «< rtl l^jlaj I^ILoAI e^jill oAAj 

. JuItVI ^ iA.jJ jjl 11$]j 

. l^- AH ln»»‘<*ill oj3 i_f^J • ^JjIjSI 6jill 

(Internal Hydrostatic Pressure Force) 

A 

'Vn.i'jj ^ '(j ll iaiuiall jjj4 <Luilill <*<ajoil ^Tiill ^jil (j* ^^>3 (JS ui ejill 

. i J^uiloll jj^o elaj] ^ (JiUJ jji^lill 


€ 


1*^ 




j 


F p = P A 




. ( f ljLS) JjLll ^bJI Liu±l\ = Fp 

ji* If I_» jL£) 0 JiJj = P 

sjlj^ulall ^,Uaa A^Laa = A 



F p =P( A i-A 2 ) 


jl UJAi. 

(?\j+ jLS) JjUJ J±\^\ A.^ll ija = F p 
^ o jj^uLji = p 

{y jjjlall ^lajLoll A^Laa — A j 

^ y^ J_l« *,<a!l jjjLJI xJaiall <LiLua = A^j 

Fp _ _ : CiIS juu all ^2 SjAjI - l_i 



jl dua. 


(^) J5U1 (jikldll ,u;^il yi = F p 
j A_a^ 11 iai^jl = P 

^x-jii! ^jLcJI • Ua J\ <^Luui = A 


dLUl £-aj^3J Jaj Js jlas* 



= 2 Fp sin 9 /2 
F^ = 2 PA sin 0 /2 

t 

: jl 

j (JjLU i->»A-all aji 3 * 'Lajlill £SaII aj3 = Ft 

^Lu-jjA^I Liu-all = P 
(V(_jjL«!l ( *LLJI <aLul« = A 
jjj ^jSil alia2j <a.jj = 0 

^aLlSJ iAIjSj (3i>L ^lr>j *> a! 1 ^yjl lg Ic i 3i>L 3^ £3^1 ajj 

t. 

£-1»a]I Lg]r»1J flj ^Jlj »JjjuiLJI y‘*yj i 'J_>jll ^ISi^VI 3i>^* O 1 " ^-jLi_^aJI 3“ 

.3 jaJL ejjliall 


:£&jJt iS ^3 <w^Uu oITjJj ( mo .riij aU*IjJ 

(^ijj-all (jj jUikVI Li-Ca^ (Jiluill LiAa ^ .j->Al qa A^lhil £9 a 3I (_£_jS C-lLca • 

t 

3 L 3 JI tiijLlI jLulj (J£u * 

A Lj-«. i'll 4jjill AaiiIjJ • 

SjjauILI 3 * ^i^ll 3 ji jljjl ^*ilj^ • 

4 jjiU Lj.-.ia 1 *■jj V Cua. <pi-aj >^> vail ^lnSlI 3 Laij_aJl AJjLII >a 1 Ait (J £.|jj 

liijllll ‘ »A (ilnAilj 0IL1L (jL. ^Jjll ajjj*a jlutVI Jji ^Aajj Aili LgJja* jiaJJ A >/l‘> 

j^lc.1 ^yl 3 " iSj*^ «AA i-jLla i—La-j La£ i Ajjiil J«fl Jj (_£jS (J lc. Jj*ajJI U i . ' Lg 1 3!-“_>aJI 



£jLuJI 


4JL*. Ajjlil ,X.\& t_)ia]j ^jjLuijikll dj_jiiil ujj.id< 

. ^1 jllnll ->■ Ajjiil l-i».,'a > _.l'i.i^-L (jjSLjS liljllil <_iLk jjLa. 

f f * « 

Alklk. jl ii]jlJI 1 ilk jia. (JLaC. 1 ^ic. li-JI Jdi-uu d*j Lo£ 

■4-D^ 


^yUkUl Ajjjll £llxn 



JnN <±yl\ 



(V -UA) JiA 

^jdj aJIa jjj AijLJI lLiLI jdJI J^ac. ^jk ^jll AijjlaU ^3 aL» jjJj IajSj 

till£la.| (uj) <l)lj aKj ^ a <JJJj (P) (D)^AaJ_j (0 ) clLaJj 

jji ^uaj^tt jA L»S> (jjLujaII tiljhll (J£i jjJaljjaUj . (j ilj) AjLn^kll AaljSj (6) 

:^l v l^ 


r<\r 





oUJU JiLi Ja 


£S-}]I (_5j 3 i_jLna. 

F t = 2 PA sin 6 / 2 

= 2 P (TTD 2 / 4 ) Sin e /2 

: jl dixv 

(<^) £*■»!' lsj* = F { 

( />£) <j^-^ j 4 ^l Jha^a = P 

£->11 frliajj >Jj =0 



: ( _ J jLu>Jl i»Il jlxjij ^Jiuj - i*. 



(a - > AA) Jti 

W ] -(h 1 b 1 )(C, + C 3 ) / 2 )ji 
W 2 = ( h 2( b I +b 2)( C l + C 2) / 2 )->- 

t 

Ijjl Ula 

r b*»L (jjL>11 djLII jjj W 2 j w i 

t 

ejLj ^.Ic- «»nlj (jJ>>ll »ll jl*jl ^b.-) ibj «C^ tC^ th^ thjj 

» _j >j »!' ^rjl■ A - *'j 5jLuij_kll ^2 4j jL^—a.'V'l jjc. t-liljL^ ->*21 

* « 

. >uiL»Ix jjiJI <* aj- .'^.11 Alla. A>il jl 




jjLuJI uLUt 


Aj]( jlaJl (3**^ 1 ~ 'J *•■ A jimil^jl Jajlaikli <j>s ^Jk A ■ -~j ■ .vlalll 

»X>.wajil Ajl_a. ^ CiltliajVI ijKi"'1 i^jLail <-_iXuJl . OLlkajVl .lie- A_^aLj.j ^C. 

Xic. AjjjJl dlj^j j* (Kick Block) iliUI AALjkll aLSLI] ±x*}\ j W-%\] xuA 

(Jiljlaj ^JlC. lil3i£j IaA.il JjT> IUJ AxJ f.lla.'lVl jj>4 Lljji ji*. ,',jj l'l AJU. ^jk lilljj CjULaJVI 

. Ajjill 

* 

fij .ftLia-iVl (jjjLa. .ijJ (jic- sjjailLJI iaJ» aKAJI aik (J lC' L_)la-lll 

t 

dji^_L_ft_3 \ A A xu l J aLa-^j A \ r- ^ iulA J 4. *—X Lo £Lj_J JaJjj dUj 

« 

ojij-ujLoII (jjjll <. fc -uA Jl ^U^jVI aIaj lIjIj li-flllj c-iL^a]| £UJ * (Clamping) 

4 j\-v 1^11 (Jj'Ul A ^ N a!I Aj^AJ oj^ujLaII c*]\£u.l A3L^Aa VLa A_lwjj^)]| 

t t- 

■1J fc a 1 ioa (JjlaJI (Jsl A_Jjia ail. ^ r-Lxul »1 w'^ ...1 Q&kl JLsHjj f I'i 'Vi jjc. 

t. t * 

ajj-oiLall (3 ^ol4j . bJjjjUI (JjLuiI (_)-ajVI (ji ^l.lil a-lfc ( j\\ ,'uiaaj ajj .ul.aH Jj_a. tJ jLuij_a. 

. t J Kajn J JaJjAIi : jAJ 1 ,ij»11 Qc. 


(Laying of Pipes): • LUj - X 

* * f A * 

A ->■ j "'C AilaLa ^3 Ik.lie. LiL_*.l ,j£Ij ((jJajVI ^in-a (jLuil Ls ja£- ^JAluIj» 11 l ail*) 

— c 

I JJ li lI~i ^)4Ak)ljpa]l ^^la-uj ^jj^3 ^Iaj A3 

A ( 

» ^tll .. . UjljL^JIj ( ^ > LaU 4 jl a" A-laJJ^ aIA-C'I ^JJ C-^a 1 (J£ Jj-3j Vjl ^ 

A * A 

tdlA^j pJA JljiaVlj jUaaVI 4 Alaj^iil oAJh £3 jJ 

La ^Jl ial^yu jLiJij ^ "k Arf^il L-3ijA-ciJI iajJa^j ( oAj^.j^a!l Ja^Iaiv 

t * 

L_LlSja]I Aix> CjIj^ila^II UlA a! r. j ^ ^J| , , (_£j^Vl ^ L^ajl 

. dj^LucajJ \ oAJh ^3 

t- 

LL A. J\ (_pajVI ^jic. j j lj_Jl Aa. jl <>i a -jlj>L«Jl Ljf. ^ ' il j_iu j 

t 

CLuaj diLilajJI Aac. »pjo L.^ ^Ic ^JLa V 4 CjULubA Jc. aIjjL jLulJI ^Ixj . ^jL^Ljll 

.^La ^ 0 — V AljjVi 



»LlXI £-1 J Jaj jA «1 -isjiaA. 


ioj r« (_y& Qj£j 1 (jjliii] l-ljj <—LuliVI lai. juu -''« - 1 *J (_a. ) 

Y * — ) 0 _j ^jj| jiaJi (3 aC- ^L“3J (J^ iifij • ojj^tdl jjJ.jLi]! (_jC. ojljj ^*n 

I^jJ A_kj^laj j. a *v ii 1' ° *' < ^ia aJ j j . ■■ *■ JJ-a AjijJa AjLumI 

^UI 1 J_Uiil^x]l Jaa. ^wajj . <* »'« ■" ojj^mUI aIusj (JiaJj AL»Jajj oJjjuLJI 

t. ( 

Ajjj__>Jl f <Kj -y-'U diLaiuall A a jn ‘ °'~'l jjiJjdl ^lc- aLsI^J] (jiajVI ^la*ji (Jiuil 

C_llla.VI Ajj_jLj l 4J—a.jJ) (jiaj'yt j_i_a]l aJLs, ^yi . (jiajVI (jle- jl ( j U ali 

* 

. A_a.lioll Ajla^il jljxll d n^~'...I \ jl Ajjiil jU^jj i liaJj aAjluJI Jajlj^JI ^l-laJiuilj 


j\ ...Ij/ili .'; 1 j!a f-j Laj a c. „ 1_4_l3 j j -.''j *11 ^..Vi j j-La. ^Lu J_io ^ j 

Jli_a.j CjVU-ui Alauil^j ■alja-'U jj..,ij/'ll Jljjl jiii Jj n'i^. 11 jjnSLuJS i—uLall .jlc. 

f 

8 Ujl b jX) (_£ jJiui-Jl i^yc ,*.*.<3 j » bjAj "Jl ^UajI^xi]1j 

t t 

^ .jjlfcVl < uLaJ) dL^jI (_yi (Socket End) Ajliill Ajl^ill,';jjl lS > ^ ^11 

. JAuiljdl A-waj j'l>al~ij jj j i si jJ 

ollJI '—JJ-iijJ A l-Ui'l.llj jljjjkJ l^Ij ^yi £u^aj A»J J 


AuJl dLajli jiaJI rcjljj ^^Uul^al) .laid IXUJa^ j. J ^**) ^Lu i«0 J 

.£ij*all <■ tjli'i'j ij-a (j.-t'VlIl 

:Jl Jil -1 

L^Jljjl "t * (_yj-3w (jSj iKj a ^_j-3fcj i»xc. aJL^ ijS 

t. 

KL -■* Cl'l/lLui (jlc- JljlVlj (JIaaII ^ ikl miL j»JJ JijVl Ala*til_^J 

frlilj J1 a (jli pli y . 0JA (JS ,ji 4^a.lj 0jj^iLttl JljiVt jiOJ • £ £ 0 (jc. ^jjj y d_>JA (jlc- 

f f *■ 

* ojj-wLoll jl i. ^ 1% tu jl 4«iS^aII L }^jVi 




jjLluJI 


t * 

i-jUa.1 A_aJ Jc- . t. till' ’ll AjA_Ai ^ Utllj j-Unlj-JI JjlAj ^ 

f » 

jLui^ft Aic. JjjJl tJL^J AiC- Jc-V (julJI CjLLJI £-0 4(jAiaJl 

. j Lvfl ilj 4^J.JI (j*ij (j-* A-*^j • Aj^I( jiajl 


=2—-WsH(->) 

<*Ja3 aJ*! 1 tj^all ijj 1 fAfc J jA-»J! £» Jc- ajj^aUll ^ 

^Lu] Jai (JiMI t.nMi *j>«Lll jun£ uiW 'il lilljj ^jjLoUJI jjjj Jaill Jai. jjSLj ^jU dllij 

.gltfll 


■ ^1 (J) 

(_^a- « ]l Aic-j AjjllaJI 4 -al a * .^*V 1 Jic. jj^uljjall jiai LaJ jjjliiil j ° •■ | »Aj 

C 

^uaj (Jl3 ftlj-JIj ^ jj 13) AljiLdl AjjjJI ^Ijl % Uiilj ^jJLiaJl £ 13 flu'll . UJjU&aI) 

. ^ui Y * ^.Iauj Cjlftjia A M lAJj AjjlJL fi^La iaj-iA Jja j AlL* ^-S . j^u; ij-cll 

t < 

j a -■. flj i A £Si - 4jj_a_a. Ajjj jl A i V i .^.11 l|lu jl (_jj •>. jAlaJI £-li /jji LaAiC- 

f « 

. jjAiikJi ^13 3 h° ^jLJI |>LuaVIj jj J y. ■%.Vi aIIj! ^aj ^ *-* jjIj (J^ajo jjLaJI 

£* A-ft UaJ Ajjj jl (J^Jl 3H 0 4-jLJa ^-uajJ UJjlU^I i£aji 1I Jl fijLc-j ^Jc. (JajJI 

* X 

A ^Uj"' J .-v C'■ jJ|_*c.l JJ <a.Lall iJla. .^JauIjaU Aja (juLal ^jj3jj] lAj-a. l$AA 

t 

. j w a'tl ! \^n A^fiLuJl j l a VI ^ ^ ^ a "<1 1 (JjS 


sAAj jJxul_^«Sl (jujtj iwJjUn Jl (Ja£ ^»jj (jAiii] Jail ^Lw] AjU 

X X 

AjL^JI (jjajVI Jc- Jc. ftjjiiiLJI 'Lui^'iLa Aj£lil JIS]I (3*^4 ;’j Jail 

JlajlU jiaJI aAA c Ja A_ ^ . <Lajll :jjo <jlLuJI c.lj-a.S /1 Jiuo_jii <aS ^]1 (JLiLcIjJI liljj 






<aUll j (Jsj ^uul ja As j 


JaAi jLul jSLaJ) IjjJ sUaSI Aajj . oLiaII (ja LaLaj .jAiili j'A (J Ic 4 U.al ■>. J l 

. aUxll 

:j^l^l! frifj (j) 

f 

Ajj (^3 Jajjjj (Ji^, (J£ JjLL^j A^ij (JLajJ! (jAiiJl 

lillwua] {ja c- ^la U Aic. I'u.-k (JaLJ! Aj ^ J^Vl i—ijUlj (_>ajVi ^ (.ll/l a 

« 4 

.JJUJI ^ L^iia j\ ejj^iUI 4 ^.jaA (Jlfti (_^li £AaiJ Vj • ajj^iiLaSI Jljjl pli 
* 

4-Jlill bjjauIaII (jJj BJj-uiLail (Jjj (j £LA 1 3 «olall fli ^JAui|_ja]I (J)jjj ^4 

O^Laj^j]I iAUaSj 4 jILJI l n.J'tJl (J lc. JAuiI^a]! £j<aj fOi • AjlSll 4jUujol! ^J) l.^> a - 
Ajjj ^ylc. jl Cl>L-ajll jjlc jaaJjaII Ji4-aj fCj Vj JjlaJI (JaISj jAlaJl ^IL) Lfril 

. Ajjlj jjc. 

:(Thrust Blocks) jijJI JiT(.A) 

t * 

£yc jJaiLa ^Ji bJj*»iIa! 1 jl 4L - aj]l yA g 11 £3 a 1I 4lir-i% « (Jiil ^SaII tji£ Lajj 

P * * * 

jl _jJa)I_ja 1! J=»-aJ jA-.all jl oLajVI fji j-uull Ai£- ^SaJI >JjS luuj . (JIaaVI (JaaCJ £_uua AjjjJI 

* 

.(J^jUaSI AAc- IAjIoliI jjS-aJ C1 ]a£j t -Ici**JJ 4 n aII ClLl^jll Aic. jl liiuVall ^yAAjI 

jO ^11 (_$) 

< * 

<J j-a.j Ji-uil 4 jJa11 . cLlall jl <jja!I jJxij ejj-uLall £iJ AjjsJI CIaaJIj r*J 

fjA 4_JjVI J» Jjll a!Ijjj ~| s \. J ^Ac. £A CSJAj . oIaaII ^lAaALuU Iaj.^ L$£aA ^jL ajj^uLall 

jji ■» *' .,V1 j»o 4 \ i 'uj *)lj\ ^ y * i*la uj, fli . |»LiaaVI jl a jjjSII _jl.a> *aV' 

A-LSj 4jj_iJl i _ i~)% ll (Jj_u«!l jjlc j»A_jll Ale. jA_aJt ^jL . ^u> T* liLa-ui a. jll 

. ^Luj (J_j9 ^ ^ * ^jC. JSj V cAljjj (jSLaVl ai* ^ . ajj^iiLtU JlAaall 



£_iLujJ 1 t_iLJI 


Hydrostatic Test 

;JVI£ -kill jlilj j Jjj tgJLoojlj j±ul Jl i_ u£jj Jju 

t 

0 * * J'jp- jl jliVI jal. JJa £j!j2j • «.LujVI |»aii JaaJ! Qji Jljal jljUl Jl * 
c. Jail atJL jllS all JaaJl a Ja Jl jJJl OlaJ-3 J jljllVI Cjblgj i_J jj Jaj . jia 

t 

k» ‘ *- 1 Jl . «■! jJI (jajLa—a J>li, Aj«jj _J| Ua’ill [j_« a.l_J! lIS JJa jljlc.VI J llVI £^a 
a J lx. tjj&J JLila. VI ki.iVi . i_)jUi«SI jULLVI ln».i>» ^Jl J jj^s Jl ( j1a aLJI 1 la 1 kill 

kjii/fr* -x- Laj (jiaiH-all kitlall labial] /f C * <Aull (JlUlII ka, ^a 

. Jl_jl kilkl 


J-luij ka « *"il l jli t JI ^ V1 AjjLui A.ul ..Jill ^_Lu J ^ij liiQigVI ^j_ud^Jl Alba. 

^Uxja aIL jjij .jljllVI aJJ JiS atjl jjaalt^iu] ajjugLall JlJ jJai! ^jJ £ — X ala! 

* 

. jkl /)j» A_£.Iui \ X — 1 A*J jllil VI (j£-AJ AiU A J.lakVI Ai_Jll JaJI jAjjl jl *■ ikkl 
^ <u£jjj Vlj (j-lA j\ 111 I Jla filial! A^-ola Jt±£- jlj-ai A ~k tall ^)_u*l_j*all a_Jilla jllla. VI Jl la£i 

, lAh.i.^i 'U J Jaj 

.lij Ojlil Juillmjj.'l j J ka-C a l l jl jla>] (jU ajj^lall JaSj _yjJl kl JJJ LLk 
1 3 A .>i J ( _JI alkali 4_i_a.^ (jalii ^jJli jL’/iS.VI kala ja'i.in . A_C-Lu X £ Jl £ {jC- 

. (jjiC-La J J. Jl (Ja^A filal L_) j >uCi]l jljill JaIkJj . (_£jAUail L_)__>*itjll jjaLlS ^>11*1 jllj 

. JllSI Aljlaktl u-li J-aJ villj A*J 

Q = ND ^ P 
3.3 

AxiUI jJ rj»aii L_)_yul!l — Q t- 1, IjA 
^u-l Jl lal JJa jJ ljV.^- 3 11 J^C = N 

jj < a| A 1 a oj^gjLa]! = D 

• X JJJaiill ^UjI jlilkVI Ja^Jji-4 = P 



jIjII £-i jjjj Jaj joaj!jjs r-> jl-. ^ 

elll A-fiJjkj Ci^Lajit d_n£jj Lgj CiJLaJ "V j ^Lall djLall ^^IluIja 

% 

Jaa ^jAUail l—lJiiiill A n ..1 <o t^jAl (Jjaljxl WL Jja4a jjt-iJ —a,jJ (j£I j i CJJjjdiJ! 1—43 jJ 
.<n IaVIj A 'l J^ll CjUL^jll Aic-j t-'l f U -viVI Jjc. i->L - ~' II i ojlj_aJl lIiL^jJ j j « *^l 

■JJaiIjaII A^Ului] j-v'-v «ll plj^JI ,ja ajj j—a CjLiaS] tJ _ajj.llil 

« % 

(jl (_j£aJ AI^UaII Aj^jljJ.V.j$ 11 -LJ« //-ill .jA ajilf£]l CjljL^-iVI jjU ia^JI (J.J. »‘‘Li c-lijlj 

l^aa-1 ^ A £ * ^Ij-a. Jl A_aLkil (_L*aJ (jl (jfLw ^illj i—l J uinlli liAJj Cj>Laoj1I 

* t 

.Cjljiui aA«J ALiiS jsic. dliij s.}jlj)l -Lja^ajl ^UjI i'iKi.MI 

Bedding ^aii oLatL^I 

Laji.it a Ja^ SjjaUI iJaaj aj3 jjjSj (jl ajjuiLal! J Lid VI ^jdAuajJI . illaJj 

» * * * 

(_^[j AjjdJI ClJji aIiaj l-fr-lic Ajajljll (JLaaVI QC- Jdjj jl (^jIaU i_fanL<i (jLal (JaLca Jc 

— * 
. ^jaVI (JaaIL ^jAmiJ La jAj Aja (jLa^l 

C 

4jj2]l j^jA A^jlull Ajjxltj AjL-oli yi\ (JIaaYI L-jl ja *k AiJjJa Jjbu l—fi i_^ujj 

A £ 

Jc. jl (Jaiik J _JA«jIj-aII .Ui_ll]' ClVl^. ^l A- %1 AaawjLiil AjjaIIj Ad- ->I i <JLaa.V1j 

t ft 

ajj^uLall fau a» Jc- (JLaj^VI (jdJ AJ^iLJI "L^'ljJ Ale-j . (jlLiVI AjijjJaJ jl A JAJ ilill Ajjjll 

JaUa aaaj tjjjau (jiaj (Three Edge Bearing Test) jLiia.) ->• ^Vl JaaJIj 

a . m .ll i ^^Jlj ^^A3 jaj (Load Factor) J.i, a- shrill 

j t t 

^•LajjYI Lft-iia ^)kjLuiY( ajjJIa \ *>t iUj L*l (Rigid Pipes) 

t 

jj* 'j 0 { jc, Jjjj VI ^ \>j (j^lj ®Jj^Laii 

: ALal^JI oUrUa^aiil a_ijjdLi 

Aas!j]I AasJI jLa^VI Jl AiLaVb ajj-wUll (jj3 Ajjjll jjjj : AAjkjlaJI jLaa.VI — 

• Ijjlc. 


: (Crushing Strength) ^$111 lU^ - 





qa £-_jj <J£] 4jl.la.jj »jjuloll (jx <iic. jjlc, jLlk.’Vlj j*1^5 

. JAulljjdl 

• (°" 1 ) £J (Factor Ofsafety) :,jloVl JaUa - 

— t 

. ojijwLbU (jxVI (J- 4 ^ <la (jjajiljj Aalj q.a j»3j jAj 

(SofeLoad) ^Vl Jxall - 

t. t 

-Lu-Ull CjIluoI^aU U-ila jl <jLl Laj<JL> jA 

l 

= Sjj^UI £-jii 


AJtuIJl ^ 0 Jja*iUI ^C. 4u jlik JIaaI ^.rfusi 
£j^l\ Ja^I 


^jLal (_LU_* 


= (Load Factor) J^^ll J*U* - 


A*i>m ^ aj^uiLall ^Ic. Ajl^jUw (JLoJ ,^-nnii 

(Jo4A_ul iJ-aU-a 


& OJIJ^jLaU CJjUaall ^)xVI — 


:0 Aa3l^)l Jla^fl oLL**^ - 0 

t 

4 j!)L ^)1 I'lj.'v qa LfrllC-jj jjlc. ajj-wL»]l -wuii> ^jlc 4*jlj]l (JlxaVl ijLia IaI ju * 

# 

4_iILc. 4^ojULaj jLi-aj (j^o g^jill liAj (Rigid Pipes) 4 u*rf*>l' _j_jl—ui1_ja!I — i 

t 

■ (Ja«.u )j ^4^1 JUaV 
jAjJI JiuijA * 
jIjuJI 'i_iLoll jiuiljj* * 
jlxill JAmIjA • 




J&4 b ^LaA 


(Flexible Pipes) «U^il 

ftiiA {.JjaUI (J aa , V i . 4ja jLaJl JIa-aVI JJjlj Ctaj ^Utjj>U <jLlj L$J jxuiIjaII aAA j 
i_iJ|ja, ii3j_aj O^- J AiLaVli Jj^ia <j£. JUaVI 

I JauOj 4j_jj] 1 ^AJ eJljjwLdl 

GRP jjaIaj]! I 8_^la11j ^I.AAii jiuuj ^lulIjA 

jIAaII <Li 3J i_jimall jJml JA 

( _ s Aui'i/l __)Iaa]l qx '/. 0 Qc. Ajjj 'i/ or^lxijl (juLi^l JiLi jLja} ^hj 

<t * jJ all ^ o j j^'dl IJLi - »> 

<* > 

A.Jju-iUll Ajjjll L u mi ejjjj)L*ll Jja ^3^° Q^J ‘. '7~J • (JJ-IaII — 1 

« t 

(J£m ClLtUaiil AjJ tjk (jAjjJl O'®L)^ u” i - a> '-fcA -C- “Gili-a jjjjl 

IaS (jbijC- (jAii jl jm*A jl ^iam jjic. Ax-j-AojaI) ajjmLa]) SJIa Ul |l — 

. (a) JSL; (jUiVI <iu>iaj ajLuII j). (uj) J£i CiVIaJI (ji 

:SJIa>Vi k-)L*»> -J 

. i j j j qj* AajUII JIaaVI — 

aj^Ull £- y> l. AA l--llmA.ll 4ij^ia :^aAa]1 3JIa (') 

W = CwB 2 AjUII aj^mUl yu (i) 

W = Cw BB C <j jJi 2JU ( v ) 

JLt j jjA^) ajjmUl ^C (JaaJI = WlJjJA 

/r^) o3j = W 

ejjjuili»lj Aic- (jAiaJ) = B 

(->^“) jjajLaII — B c 

Qjjl) <_UUa = c 





oLtU £-> J Jij Ja jti v 


(>■ a — H C ij-k (11 ) ^ij ^Lnli Jiill C (J^ljJl <Aoi (jiAj 

\ 

Aj^)jJI ^iauu d jj^aajLaI] ^m[j]i ^a r»j» 



f!j» ^lAJLi AjjfiXtll Jj4-fc"iH Uiii (^') 

< £ 

(J^ik jl _>uiJfc jl AjJUfia]l Ajjlll jUxui l _yic. kc-jtiajM aj^uiLa j^Ic. aJIa ( X J 

t < 1 

AJjLjuJI (jjllaj A _} ■ J A Jail (_>iajVI ^j=w t-Jj-uiia {ja ^Lc-1 ^jIkJI jj-uiljJl AJLa. 

Aj^JIj A)L-n!l Jiuiljjl jji AjIUII 
w = C c wB c 








«J>“^ u ic- lUaII :W 
/<*?^) Cy* «>a»j dijj : w 
ej)j*iil«l] ^)]aall :Bc 

(tllia.j <d ,jjj]| J*U-* : Cc 

^»JTtliul J_Jixj aJ_J*jil«iI (_5jl«il (j-s ^»J^)1I L3 aC ' • H 

"W” “Uj 3 l^ioj Cc 4 joj2 J. 1 aj (-&) JiuJI l>4 

( ' J -L <AuU r sd 

Ij /1 2 Ltt-VI = P 


^Jjll FlUu 



(-* -U<\) Jii 


* • 0 






C c luL ^UJt JSJUI (HI) JSA 

(®T) tjj* 4^uj : Rsd 


Rsd ia^A^JI AoajU 

ajjjIUJU 



'*-** ^ V ^jjLwl jl 4_iL^a 

4 tL -*s 

*,A - *,o 

* 

A il,^ 

*> 0 - J»*-= 


4 il. 

. o _ • V 

r r ' 

JaU/^iVl AjJlui CjULajJ 

4_il*^a 

>— - *.* 

<— ji.la.Vl (j* U t\M .>> (jJuJ 

*jJu» 

ji—a 

L-ili^Vi ^4 tiL*.lIi ^ja (jAwl 

Aj J* 


i ■ n 




l—Jj—uda (_jA Jjl jl L-1 j.jiU-4 jji ojj-wLaU (_£jl»JI aJL-3 . — i_j 

■ LUiAiVI Negative Progecting Conduits <uluL]I 

AjjjJlj AjlLol! (J 2 J ajjVI aJjUaII (j aJIaJI oaa 

W = C n wB 2 

jjiA j ~ A £ ^ (JaaJI = W '.J V 

(^i>® _>iA / *?^ AJJjll (JA jva^aJI »ia.j ujj = w 

(jAiill (jiaJC. = B 

^)Ja) ^J^il gdaui l _ 5 ia. J ®J_>«Ia 1 ] (_J jl*JI ^_gA C - = H 

(CjIaaj *0 JaliuVI P = 0 /B) 

(CjUxj aJ j«il) tjjjl! lUUa = C n 
(\ V) aJLJI oaa (ji LajaA = rsd 

W aajs l$i*j C n aaJ Jiaj (^Y) t>J 

* « 

<ja l-Iaj AjjJill (jjj jja *Lajlill Sjj_uUI !^£. JLfcA.VI i—llm a. (jJ tAjll <Ja3 

(1^ aJLsJI I*. h.i-a. jUc-Vi t > l»i%Vl JjJ'Si jAiaJI Qj£ 

« f 

Ajli. (m) L-Uii^ (JIaC.^ 1 t 1 UiVvil (jiaJjC. ,_3ilaJl jl 

AjjVI CjljlaaJI £_UJ lillj ^ja «l£BUj 
rsd t B t B c 4 H ^ ^j^aj 
H /B c iP i—Lmaj 

y/B^ 4aj& ^ciiiuu ( (»3j JSiJI (ja 

B^ i_jLl*. B c AijauaJ 

* 

(1 ) aJIaII yjiBs B<Bd tdliA 

(i_j) <IlaJl £4&J (j^aJJC- (jjiaJl B>B^ 

i • v _ 











£jUJI oU)t 



Bd 

■ pi (jjluil jiiti (Hr) jii 

* » « 

JAuJjaII jl (jUjl iJaC- Aili, i ji JLaa.Vi *_lima. — _a. 

f. 

,jjj {3-fcjdl £j\_y Aila. (ji dll jj (jlijVl <ajjLj ,\)guN <11^ ^ AajjLII b'm, QjSj j 

* 

. o J^Lil (JaC- fljj ^laui (j* jIa 1 Y — ^ 


• 4jJ aIIj A d i «— i l \ _ j ^uiIja11 aJjUaII 




jLill Jil 


W = C t B t (wb f 2C) 





! il l}\ 

(la — j ^aX j sji^uiUI ^jlc- iJa^JI = W 

(^j» /f*^) 1>» UJJ = w 

(>.) jiiiVi aju j jisii >ai = B t 
= (ji») (□Lo*ill <SU. (3*^ jiaail = B c 

I AjjjIJ i^LuLii]! = C 

(dll.laj AJ i‘] ; = C^ 

(jd^ Sj^mLal] ^.1-wil Qa aj^uiLJI f^AC. = H 

(^ ^ } (JS«JI ^a (Cj) <aj2 qamj j»jjj 
(°^*) O' 4 l&lla liluiLajJ! <_i«l*-ol (C) ^uaIL 


) jp'f'LwrC f* 


^-i Lx o JI >__sLjJ! 









oLJ.) fjjjjJ Jij jJuuuljjJ 


JU»Vl Ja ibuUt o j {J ^A JU»Vt uL> - 0 

(Concentrated Load) jOHJdl-l 
Uj CilijLwJI Cj^Lxx. (Jla 

W = C s (PF) / L aJjI« 



■ (l5^“ J 2- /f*£) (J& ‘ W 


. |dil.d_j aJ J ^>Jukl ^»Lva : F 
. ^dll.l*.J <) (Jfcj j /'] ) (JjlljLA :Cs 
‘Ufckall Ajjlll ^ku (jJAj (_Jjkl ^yul^l Sj|_^*aL*ll (3^ * H 

JLi)l :L 

«t 

. jjijk ‘, 1 Jdlj *, ^ = (L) Aaaj 

* 

. jyLA *, ^ ,\a (Jsl (J^Ja dll j ^Auil^all kilL j aj[_j*jLali ^LiaII ,^l_j]a3l = (L) A a\$ 

• (®°) O* Cs <*Ji JOaj 

( jl jjjJI aJL&J LtuJa kilijj ^00 j Jj(_>-« AdjJ ^dkl (_LoLk A_^j ~l 8 all 

. Alkali 


jjLulII oLiJt 


(F) ® 11 JjJa 


jjjJI ^ 

(F) J.LJI 



^,Yo 

^uia. a£« — r 


oljlk- -r 


j— i 


Km * - v 


Distributed Loads Atjijll JU»>Vl 
ajjVI a]jUaII (3aLj.j 
W C s PFD 


I ) ejjuiLJi c. <_Uail = W 

(V i^)t^ ^' = p 

- (J^ljua “ F 
Sjjml «li jiaftil = D 

jjjlt J- 1 ** = c s 

t- 

3* dn -tCs AajS (JaaII j\r- jjjJ ^^jII AaL*l»11 jUjI = B < A 


. (oo) JjAaII 

t 

dn> <c-jj*a JU_a.l IajLux.) fixi AjJl^aJI a£*J 1 lajiaJa. i~'V) ^uuIjaII 3 * AJLa. lilliA 

Jl AjLlaVlj dj Kllai l (Jjia a^^Ull (Jjia (_JjLuU A_^Luia ^^lc. a_,>JaLill (jjj 

.AUl^jj (jAj (Jjiajix /f*£ X' *) 

* t 

JL^VIj oJ jojiUI JjjS AJJjil jjj (JA Ajjbil <-_lUi4a. >la ^jic. l_SJjuil .ifcl 

< * 

£■ IjiV (juXuLdl jIjJla] A \ i AX-jjxlIj ajj£j-oll Aj_*.jLaJI 


. AjA jLJI ^yjoil^all 
























(Rigid Pipes Bedding) <uWI 

_'j A a. ill J-dljCjO A Ai.\ CjLaja A*Jjl (j-ll fJuAij JLSj 

( 0 ^) 

(no)jii:j lJ iiii yu.^- ) 

t e 

lie. jl AuLsjjL 8-jLuj ^jC. BjllC. (J-Aj (i) Aajall 

.^Jjjll Aia> ^C-lj L>“ lSJ^ LS^" ^13 (Jj^nil j»jj Aj3j A=Ljall 

Bjj-uilall 4_±lc. ^uajjj ;_£Jjla JSii (jjLjiJI JiS-uJ p2j 4_g3j (-^ ) A-a.jaJI 

. 'bJauLla 

.(_£_jIlao]1 (_gHill £-13 BJ^uiLoll ^mBjJ AlSj (-}) AajaJl 

* 

JajbJI J*Lc* iJLa. ^ (Concrete Cradle) :<uL<jJk iaLj ^liia-1; :(i) i^jallj 
sjLiij Y, A jAaJI ^LqLx-q Alla. ^3 1 ° — v£lxaj Sale. 4jjLii^)a, oaluij ^ '■ S,ii i Y, Y 

AaiLu_)_i. oaLuj p ^ m3 V, £ (JliI a .a aJL^ ^^3 |»a_)l] N J ^ i^Loj AjaLc- a ''i A 

. Aj Lii_)aJ I Aa La« ^ja l *, £ ^jLuj 4 Uii 11 AiIah 

(Concret Arch) ^Lji. air- ^.iaVuub :(i) Aajall 
. AjaUll AjLui^jiJI air. ^a.ia■.!.;. Y, A Ja^JI i_LoL^a Alla. ^2 

gjLal) AlwU £-A A aim *11 AlLajall ^j-4 aic. J-'i..Ui.l Y", £ ( _Ll-v. 1 I <_LoL«a aJL. l j3 

• Ajluijall AbvLa* \a l * , £ i_Loall ;_LiLa Alii. (j3 

QA i ', 1 A 111 11 gjLilJ £-» AjLiuj^ll ^ja a ° r- ^a A 1 mj £,A J a all (JhIjla Alla. ^ 

, Aj Lu_>aJ I Aa. Las 


. (jJC-jj ^yll v..i'a\~ij \, °[ ( Ja-lI i ^sUl* "vlla. ^ j \j ; Aa.jaJi * 

. £jaall aja. ^»l£j (jjjia Jc- jaiill £-13 lL'**'" 1 ^ *■" u A ■ JjVl 



oLtil Jjiu isyu 


t 1 

j jl IjLJjs. ii]j_sX4 £■jJJL« p {£J ,j-« 4-8 } In (juJ-uiliJI paj 4_lij £-jj3l 

> ijlj a\q 

(jaC-jj (_jil \ ® (JalsjQ <11^ jji <a.jill * 

. ajjaLall <Jc. £aojJj (JTjjb c&Jli j^lc. (jiiaJ! <Jj££j ^»jj AjSj : JjVI £- 

liAA tiiaiJj iJA jtJjii Jrjij-Jl (ja A Lila ^jlc. (jaUillall j»il 4 jJj 

*■ ijia. liiliSj 

£ae»j 4_l 3 E ^ (JaaJI (JaljM aJL^ jji aiA (jiiajj 4_^j.lil * 

* 

^ I n a jj^C- Aj tjaojaa ajjaL# ^jlc. kll^ ^jS (_Ju±iiilai!a^)<illja "'aaaall (jAikll £-li 

t 

. (Embankment) 4 jLojI jjJjaI] lillij u^jjc- (jaik. jl aj^uUI 4j>i]l 

_I jVt A_lU-J 

*■ 

(Positive Progecling <j>_ill ijj 1 - - ^yk-l Sjj-aLAil (jrjLJl ^la-Jl 

c 

K»*>>j o<11^31 o ja ^ (Jj»U-4 iajsli (Conduits) 

, hinVi 1 ^ jl C~ aj^Ul AaLaaj 

. J 4—^. 4 LmJ i\ ^all'yxll ^ilLluIjII J j ^ ^ CjLa^jII 

: A JUJtA_JULf 


* % 

L-jl.iaa. !»JJ <!LaJl oiA . 4jJ-lll xlna (jJjLuUJ jl (Jil bJj_o)La 1] (jjjlail ^rL>ril 

t 

. 4ilii_Jl jjtusbll ^U.jal liiljj (j V'4.11 kJL^ ls£ (Ja»JI <JaLu 

:2j ^11 

t 

kilioVU ajjpakall >a> kxjlis *> a^ll <Ujk,jLkJl (Jla^vU Aj_^l A^ajlLa 

alajj aj)j>aiL«l) ^ u> (jF" K»>ln 

. jliJl (ji jW*) *—‘J-^J Cy> ^jU aj^aUI jl^j] jjSjj . AjjjII 




Load Factors lor Circular Pipe 
Positive Projecting Embankment Installations 


Type 5 
Bed dm 



2.35 
2.26 
2.37 2.20 

2.31 2 17 

2.27 2 14 

2.24 2.12 


2.35 2.35 
2.16 2.16 
2.14 2.10 
2.10 2.07 
2.08 2.04 
2.06 2.03 


2.10 2,05 2.02 


Maximum 
Recommended 
Projection Ratio of O.i 



5 37 5 37 
4.47 4.47 

4.19 4.19 

4.21 4.06 3.88 
4 11 3 97 3.81 

4 04 3.90 3 76 
4.01 3 88 3.74 




2.27 

1.0 I 2 18 2 08 

1.5 I 2.13 2.03 
2.10 2 01 
2.08 

' 1 98 
2.05 11.98 
2 04 1.97 



2.27 
2.08 
1.99 1.99 
1.95 195 
1.94 1.91 
1,93 1.90 
192 1.89 






2.58 
2.44 

2.391 4 98 
2,36 
2.35 466 

2.33 4 57 

2 33 4 53 


54 
4.79 
4.19 
398 
3.75 
3.70 
3 79 I 3.66 
3.8913 77 3.65 


:: tl;' 


fgTBjJUMl&ll 1 — ggrs*] Ml frfri OffTBO ioi m 



2.25 
2.20 
2.19 
2.18 
2.17 
2.17 
2.171 3 94 


nmt! 


3.97 3.97 
3.68 3 68 
3.65 3.58 
3.62 3 54 
3.58 3.51 
3.56 3.49 
3 56 3.48 


DWTUdKiMBM 

■■krn mi 
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i__»jU *-/ ; »^ vtj J 


m 


w J* r*J\ 


•jlh 


Bc/IOiwin. \ 






<jLU,I Jfij Ja 


jjjIj !*'■>'' ajj^uiUll ^u_ij! jjL<ad jLiic-Vl JlajJ AjjJI jXuil^all -j<u*Li AjjtS ijJj 

f- 

( jam i VI j]»all (j-» I° (jijLuijj ^l«..> 'VI jl.\g a jUlcVI (ji .4j^.jUkJl Jl«> %VI 

• aj^uiLtU 


Qjj jjjIj L ''•*-'' l_jIuls. 4AJ_>Ia AjjVI aEU-JIj 


KW 


AX = D, 


t2 


El +0.061 Er 3 

*jLJ (jiaVlj (j-uil^ll ^UaVI = AX 


1 flh ^ ^jc, aj_j4iiL«H ^ jjtk u>i<ll jla£-« JIajj (_UU^> = Dg 

. ^ \ 0 — E X O) 4jaj5 ikjjj <jjxa 

e 

AIaiIj Q_jSXall c.jjkl] Aa>j^1! ,j-1c. L-iSjijj (K) (juX*uLill CjjIj = K 





CjIaj^JL (juxubll Ajjlj 


jLo 

*, VA 

r> 

•, \ ‘O 

to 

*,>•1 

V 

\* < ' 

t* 

',‘1 

tY‘ 

•,*Ar 

>A* 


(jla aJJ^LlI (jlc. QjjJ! — W 

^ "j4jo11 ojijauLqH junB < B. = r 

El = O.Mgr 2 (PS) (Stiffness Factor) J*U* = El 

^jLjuJI jLiii.VI ija JXajj (Pipestiffness) ^ Ps 

'i <j£i jLill (>• X ° csj^y 

Ps = 0.63Kg/ cm 2 jiu jJ (jijjll iJl*. jUikVI AjJaa JjL qa 




jjLluJ! uUJI 


<£j£±a a J*'J 1- <jL»J AJJJ ^La. jjj E 4^aji ^LilJ ^»jj . cl«alju<a = E 

f / 

—VO La E <aJS Cia.jlJJ UUa. 4 a ^nalDI ^IaaVI JaS qa 4j>*j 

j^S 

JjiaJl (ji La£ #j_j*uLJ1 (Jja. <^LaJ 4aj.}) Luj 4jjJ5I lU^ Jj cL«Lt-a 4-*j3 jjjuj 

•Jlsll 


(Proctor Test) l*L.JI Sajj 
XA* 

X A<= 

Xv 

Xv> 

j_fjju!l iJla, X t c 

^Kjji dL.ja siuxv 


(X^u <JjiSI <JaS JJ tLallta Cojl (E) 

r- 

0» 

V« 


bJjauLoII j]aS qa / O m A X AaJS fjia _)L 


Cui l j>a 4jjl]l (Jx3 Jj ■CajS (jjaj ^Llu'VI AJjLm ,ji “CajluJI ^ajilL) ^jJaJjJuILj 
(ji LcS) ajj^iUl <Jj_a. (OjJI o^Lai (iLajJI jl J*1 *j pli 4jj_i]l lJ«J Jj (E) 

. (JjUI (JjAaJl 


i Y > 



5j^>! 



lnii <Vnl I ^La 
ja^iill ^La 
^jiLJl Ciljiili (ja.ll] l (_>nl-j3 

a -vll. nil i - iiL-v * ic-jAiJt (jiiLa 
Jjjjlj]! Cj!yL»l«-a 








i>LUI wLJI 


0 Jii ^ i>l 

MV) Jii Pressure :JaAJaJI ^Ui -1 

4. t. t 

i-a^-Ail (jj^J {' ^ v ) (Bourdon Tube) ^j-r“Lj Ki..,'^Il ^LiL - I 

t 

. aLoSL* jjX. ajjlj JSji ^saiull Ajjl .Vi jj ■j.iL-v'il 1 ! /ya ojj-uiL* ^> a 

t * 

J-Lil jl) A «».*< ^3 (JjijD ^ 1 ) U.ji a r, ) A Vu.lo Ajj<al . n \ ajjllH ^i^ia 

( (->) Jj..%<«] 1 <Jjna Jj ^IjAi (<-J) ^j) _^aJI J-kVI *D^*-H (J‘—~J . Viii «Vill 

Anlc. til J t.'j sjjta (j-« f-J-> (Jiui (jlc- ((J“) (Jioi ^jlc- £"jjjll _>^VI l—i^Jailj 

fUl lilj •> ~i J -A (a) liA Jj-r. a jjj CiAJ_«j (j) (jiuut (jljjb J J« i«a (jujj 


U»^U Jliblj ojjc. a ball lij/» j^Ld i_ijlU Jl jjliallj ^1) ^LlA^yjLall LJl^ia JaJJ JU£- 

Lo!£ . £ jLaJ) J cijLlI liljjoj Iajjs < .n up Lu L^jIc- jjji (_$ill A_nubxi)l ojj-uilall Jl 

<■. 1-w Hi <■-,') tuj Lu jrjLkil (j) l_jIjiall jljj Sjj^uiLall Jji jlj Lai£ JaS-taall jl-liLa jlj 

Jl (l>) u“>-d' u'jj-^j (->) jj-^I £b^' u'jj^ cj 1 -^ (v) ‘-iAM 

jjuyA I Ax-ball <_sjLc. elajl (j«S.c. plauj J J j <«■--" (jljjJ In vut (Ji.l.l]l 

. £tJ jJjll Anuilloll l1)Iaa._jJLj *1*11 bi» ljl-m a ^Lal (-&) 

(■ *■ 

A-i-ajJI ^ylc- {JiajJlj jl T^u j j *\^y jl JJnullj Lot lit *^\l 'JiUiJ jU^jjLdlj 

Cjij '^j a jjLaj Anjk^a!) lajj^oll (jaxsj (Pressure Gauges) CjP>jj-s jjL« . 

ijii oljnwjjlJi »jjUn» ^jL . aJLJI AajiiJI (jnii (Vacuum Gauges) ^11 

Jux. JJJJ1iyLJl jjjj^a I <$*i jb ^jjdUl J±j*t a li j i>»1 till j LgjUji A jj< .iSlil 

aSbl! _>AL«_jjL»!l Ajjlinj Anjlan JojaiVi I (J lc- jjjUII ^ . 0JjAjII j&jlo 

. Ifl'ijjUaa {ja 

*■ 

(Bourdon ^aaaU d^La Vluj'b laau^li ^jaOAj ^jjll O^Llq^LoIIj 

.Tube) 



alj-LI j Jij is jlaifc 



(Diaphragm or Bellows Elements): £Udl j £b jJU ±k*al\ ^U5 - W 
■iic- iJi (WAj J£i ji j& U«<Vilb ^^ill jl^J! j^)!\ ^-jjll 

_yM*yA A^JJO IfijlKj A Aj.<aS 4 B J J- ■ -~ T-b_L*ll t-« .Vttl UL.,~ 



(_)»' j ■ f Jj ^ J_bt 

£l—ii*!b l-i» <>> II 
dl'yLa. ^ 

4 .'^-i a -v ' ^11 lij » '*—-«ti 
'' = 6 - 


(r- '"*■ ‘) 



Jnt.hll (jjiUil ^jiiLalt £!ij2| f Atinj (HA^ 




,>1111 e Ul 


(Manometer) lakial\ j*L3 - 

» * 

JjUl ^ ^ ) JSjj >jjll jl C.L1L (.jLu ,> L_i_jjji jA >_Uj-ibaH 

A t t t 

Jaluull Jai^uajl . 4till 1 V 1 (_pLj ,_5jLail jlill jl (JjLaJI jl cLall lii *'<-yl la ila jl ljjjjVI 

— t t 

(_£jLuU Jaxxoll rj-ii.* J-lYI i—U JJi k-ij-uVl (jijJa 1-^1 (jic- 

(jiiLiiJl c-ijia (J±j» oic. j ** j -»jiUll aj^uiLulaj ajii »jbj (jSLoj. x JjLwll lijjl 

.jSjAjjLall 

» 

(JjUI Aj» 3 (jjj La ^UjjVI ^3 i \ > a]l $A h 4-*o3 L)!F‘U i—ijijVl) jiAAjjUli atlji Ale- 

t t t # 

(jl Ui% t jjiajjLall jjj ^,t >,'i 4 iij ojJaiJl sl^I JjAJIj .y* jVIj (jj-oJVI jjjjia LJ Ic. 

. ejjiliAll oc-ljiil (jj» (jifc) Loj jiiAjjUl 4»a>jij AjjLLa <iil£ jlill ^ 1 

JjLill (j^aliajVI (jc. jiiAjjLall ^tJjAil'l SjjLla jjiaJ tjllj£ 

* 

(Jaia ^pJ-ojiLa CJjjjl <j*■ *jLiC- ji-ajjUll . jJLajjUlj j^ISII l>i<>all oel>3 (jiaJ 
* 

jU-Jl L_i(Jilj ]->iiVi 11 jV Ijiaj <ilia-a Ui.Vill Cjluilji . (jlull £-jill ^yS £JjAj Jjaj 

. jLi^n Lojlj , '} 


la«,<^al) AslukA 


• h 1 h 


I n H i 

i^ii 


jj-ajj La! 1 JpU* 4iUS x h “ 2aku 



la.ifiU Jji U 
JiU 43ll£ x h ■ Jji 

jS^jjUII 



iuJoJI U 4 ^jI 

(jiHjjU) 

iilil x Ah — JaUill 
jiUjjUil JJt- 


hi.rill jjjdtjjLa 



oUU J5j Ja 


Flow :^ Ji-UJI (J^US - T 

* t- 

A_a j 1 {.all djIjlUl ji i_iJ i r» ill ^jiiLaSJ 4 ^ 1 ^ J tiuall aj j > VI £j4 aj_jiS ^1jjl jj 

* 

= t_i < 1 a £ <■' i j -w AaLuu4Ij (jJAAil Axjau (juLi ja k 1 aj_gjxVI odA . JlxuiIjJIj 

(Q = VA) uUI X AxJaalt 

(JlLuJ) j j > a Ale. La/fill jj3 (jaljjL) AxjjjJI jJjil' ^1] (jjdjll (juLS ajgxJ -L . * 

(Orifice) Aiiiuo Aa~i*i jl >tll (JiLa jl v<0 <J j(a. 


(Venture) -i 

(_JjLuU ^>iaj (jliiij Aj ajj-jLa j* ej_a. (je. ajLlC. jiu (jjj-Llill (juLill jlj_a. 

* 

(_SJj *m’ nil (JjI (j4 4jLuaall | ^ ) i_l^“ jl j >11 4. jlc lj£jx {_£dll __^j-uilj>«ll Ld. ^^laS 

. j7_ja*«]l (j-fcuLS oLall (jbia,Vl jya 4iL*«5lj 4 (Ji. Aall ^.a u iJ jlliLVI 

* 

-> all iilSx_Sj (Nozzle) Axis (J£<j (jlc. jl •> * (jjSL -xi (_gjj *alall (J Vi « 

(—6J-m'l 11 o«.ljJ ^ Inn j A_ajj Jjj Axle- Ja all i aj 1 (juljxl j_$JJ ililil) J *« *' -"J 

i _yajS (jlc- jlj-d d L AjiSjj £3 jaj jai (jjll dilijut ill (Joa.‘"“'I J> mat j fl >; ASj , ojjiLa 

• -Wj" j' 

(jjll ClliUall S' JO.J dj_jd Ajjiaj ^^lc. dub l—(JuUi ^ (JJj.•■*»'! jt$A aj&3 

•LS^ U^ 

duL j!aL» — £daj]l AiUa + Jail dill AiUa + A^jaJI AiUa 


(jl da *- Adjlj jl jliixVI jl jj_V.dl! aLS'i! A. j.nulL ^bojl! A-sUa (jl 

« I 

1 ''.1~|"'1 l^jls A^jail AiUa Lai . jAuljall Ja^laA (jj ^daj ^jlx jjjSj 

A Lai II oLa dc. t.Lall Axj_lu ajbjl jl'fl a VI die- djjj Uia aLc'i -JS die AxjjJI ^-JJa 
. jLttlt £JJA ^ua L-Ualaj (_Jdllj ^laLall A_alu_a £4 1 J L-Ualaj AXj-uJI jV IIjiaJ cilldj 

a^jLil 1 a iLj . (Jjjdial! (jkdA Ale. l^ia ja£l (jjii (jldLaVI Ale. <£jaJI AjUa (jlA lilj 



wiLbll 


iic. Aic. Joe* l-u» jia. 11 A_alL t_yai -i dii-aa CiliUoJI ^j a a a 

iV'iJi J^i-a (jUiikV^ AJaij (jJJ JajLtaoJI ^ i « > 3 lilliA ^jjSj tilijjj ill 

t- 

IaA JuC- alja]j ajjjaiLa /ja t j-aJI jLg_sJlj jLoll < A j,*£ A-j» jjjill lifc l—kuliUj 

. Aj. iIxaII Ai^sJI raj j . jliaSI 

]*af (Jl) 3 ^ = u_i 

jji y j]l 1.14 Jj>JU fj (U) ^jlC-jill Cllj Aj^iiVI a1»aI_jJ JaxlaJI (jja jjuLli (jSaJj 
Qa (Jj ) iin Cil 1 ilSo'l AiLlo) jj^AJ La_£ jLall ■Ai'ill ^ ItI atljJ Ji l-»a /nil 

• *- c ■■’. I 

Ac*_^aa IjjU ( jl*nYl aj_^uiLall _)1»3 jrji-a Ajali (jJI ^Lall 

V <il]j j( Vj .CjliUall CljJJ Ajjtail lilL (JJjm iiil ,jJI l$J _>d AjIc. Cul£ La <^11 «.La!l 

V illj AaaSUJI ijljldl j lilK'i -aVI A-v j'i i $La!l la«./n qa XUJ iucw Llax* 

■lajla-Ji CjUjAaoj ^jJanj aj^-^YI al4j . a .>>V. JjjS Aoj jj-a X Y jjlaJLj 

. A^illl jji bIajaII —^3 Igj lliluUj 

U.)L «*Lall i—ijjnj .Via 11 ^tiaXA jiLua j-a ^clilill Lia .Vail ^a ) J jjjj AJ^LaJI 

Q = C^aLU-II 

Aj_3j jiaJ ^jaj A Ua-’lllj LIijIa = C law /.nil , \ >3 =H ( bLaaII (-jj^^aJ =Q tLu_sa 

*) y ® Ajjlaui (D) ojj*aLa!l jiaSj (d) 





(r**) jii 




dlall Jij jXujI ja Jo jha 


(Pitot T ube) :Cij«t4 w ^j 4£ j^Jt j*Li - w 


. 0^Jaij Ajl*i]l A vllj <11 X oUaII AC-^W )n.. a mt j ji oliall 1 0 

(jJlj j& J^ll Aic. oLjaSI Ax-J^a (3^ *, i (j-11 Alaii Xc! oLuS) A£-J_ia JaaOJ 

* * %. 

m (JJaj dJj-mUl jS (Jiwl _y* j . aJqaj ^j-iajl * t % 

£wojJ UJ 0 l ( X * ^ Jill 2gH ' = V 0 U 1 JI Ac.jaa (jl jjt Cjjlll Ajjjj! Aj_)laj 'i'h'i 

0 ijj*aLaIi jJaill c.ini’ <2jXAJj . ojjinLJJ jLlll i- £2^4 1 vg- jL^aJi ^jaba (jalj 

. J^j ia 0 .jjaaLall ^JoLa y_>L*a. jjiaj 

. oUaII Ac.^a jjAUU jjixj 2glfV = V aJjUaSI ^Ijiiialj^ 


. Y(jj Jo = A t'ljt AV = Q aJjUaII L-ijA^ili J.i*a (jioj 

^a AxjaJlj (.jja^uiL! (JaljiU aJ^ohJ AaI^ViiuI ^jliaV (jjjjjiiiil (jC. lift 

. JoiS ^Uil AjLmiuil JdC- (Jj aj.nl.ua <«.xi AjjSjJ >jL V i2jja Ailalil <J 2 AjaAJ jja 
(juUiLa ^jic. AC-j*a]lj <_ij*ao_iil j^IaaII ^UJI (jiw Ajjj^ij Aj.iijUl v« a Cjljj^aj 

(YM) jii 




t h v-r^r« 


Water Meters :AUl^il dU.1 obtO£ --> 

t t 

^jAal^ail ij& jl Ajiilll dlU-i^a jl i~it <aiUl CjUaAA ^3 sLaII Cjijl^ju djlijxai'tji jJuIaj 

* * *■ 

jjaUjj ^ At a. 2ij Aj.i*j j3 jjlc. ji Ajl^lail ^ c- jl Aatjali jl Ajuji^JI 

*■ It 

CjbiiaJI qa A-tb A a ijajjj . ^lijl jl j-«>» (jc. CjljiixSI sift i_ijaai'iJI 

(jajJJ OLfrj_«-*J (Ja^JI lilliij (j-lijiltj (jjjJJ-ill Ljla A_all_k^» Cjljljiaj 


(jjUl ujUI 



o-yu a ^ jjUii'jM ^t*t| jti 


iJaju 1 g » J A yJ . (Jiulall. il <lLjj 

JjD“* £* <-*JJ-~* j'jj^ °J^ 

4-s»jj/»ll elxJl 


(Jfij . s'LlaII 4£. sjLj 

Jl “Ui j3j 

. 4 all > a Cjljj^aj (jiju 





oUl Jlu joxul^a Jbj)b~L 



ljIJj jJi'n Jj*-» (jjLS (-4 — Y*t) Jii 

:3dUIl ^AJu jlaiatt -«i 

Y * Y (Jim jLill ^jS (jmaij <—llmJ Iaj fljjmmUll jiaS ^ (jlilij (jS-lii) J^*A (J«U9 
Ij*j . (jUliVI J^a. <£■ _>lJ) (ji ojbj ml; uiu (jS-ljll jImm» (_ji (jliia/Vl 

jIajJI Jl oLia! 1 Jj-ij Aic. JajLuaJl <^3 JL>ill . jLiLiYI AiC ,!->« iVilt ^ {_yak -L. L l>.m.j 

£>j-$_a.i ^liamimL iilljj J ■! « ■■« jIajY » 1 *>■'*'■ - j jluiY) -li-C. -l 'i all U» » ‘md lj 

« 

-CSJ^ 

(Rotameter): 

oLlJI ^j_?wo ^ (Tapered Tube) Ai.'.'u.i <1 ^ qc . 1 jLx 

(jiai!) £-a l i amu a_a(jjJ) jLui)j V>* a <*>' ) ^ g. >a)I . ^ Y • Y"J Jim 

* # 

0*1 jk ajc lilljj Jjl*-A (JuLli-* (jlc. oJ mjLla Ijij ^ .m a.- kill JS-iall J— * -A 

. <a 1JJlll (jic-i 






(jjjtili uLiJi 


Ot j »fl1 i J jJI ^nUi - f 



<Lx 


(_5j-a-i A-a .j 1 ft Jl C)l_>jill ^ U“W^ 

* 

£- Lsjj] t-ijnj L»j oLJI (js-^ jL«-« jl (jUj-i.1 

<ivLc aJ (H) £- UjjVI Sjj a (X • i J (Jii eUjJI (ji^j ,ji 

^-lijjVI jjuLli ^1.1 •Q ml AiCj eljjJI AX-A J-^'b j 
AjjVI Cl'VlaJl ^gS (jSJdll (jjaj ^j£aJ 

(I — Y' i ^ (J&i (JjiaiuLAJI — I 

1 - 5 h (0.2H- L) r, rr = q j 
<jM ^yi i_ » S L » ^.13 jSJuM J-i*A = Q 

c 

(H t.an i>i A — £ ■'] jSlj t_i.T».j ^ jl.x$Jl A^jis = L 

_u j-« ^»A_i 1 (jc. Jis V <jL.ii—a ^ylc. (juLLj ^aJLIL jla_$JI ^jAc. ^LLijV! = H 

jM 

H 1 jn^o V qc. Jii V = a 


(Y*r) jii 


(t-i — T*i) jLi dillUll — V 

°^* ddUl A^tf aJU vrA\ H°/ r =Q 
“IoAJUIa^aJU^ \f*V\H°/t-Q 

Ajjlill ^yi sliall (jiaj = Q ALua 

^l-i^il AjLia Ji^ia — L 

* 

^»ai]U aajsJ! ALiIIa (julj {AjaI! ^-Ujjl = H 

(L r / f ) t >^^ = a 

^ ^ 

(jjL-i ftJ >ij ( .X, Y * { ^ (J&i 4 j .tillIjJI j j '“'j -*^ £yt j_43a— l!I <_)»j Lj_3 — 

J AiaUJIj 5-UjjVI 

K 2 H t 0 , ia - Q 


trr 




J*- 1 A>jiaA 


<LsiII ^ : 'j ^]la. (3i,}jJl = Q l' n-v 

oj_j*iiLal] (jliktilt _^laa3| = D 

oLiJl ^tijjl — H 

"yi -1=H(«^V- \AV= "Y-X ljjIj = K 

(j — y * t) t jii jiudj^i (j - * < 3 ®^^ “ j 


j_>A jS (3*^4 agj ^»i ' 0JL?“ , ^ ilia. ^ • 

\ * = oJ_jiuLJI 

"n = x 
"1 = Y 

LS lc ^ * £-* (^ A ")) lUoj (y 0 *) JS-ill ^ 

-Ujs^H Q^lla. ^ y * • = C j^ jlc. ijij j^Ull 

y * — aj^Ul jlaS 

"n - x 
"1 = Y 

Y Z 

>* D ’ ^ 

^ ij ft. I' Al l a L a ) (Jliall (ji olijlaAll iiuj oajIa* ejj-uiLall i^jJajSsu 

L-S Ijilj E Jljw»Lfllt j jlc. *, y C Jj-aUJl ^glc- iiui.sjl ^ Q^lla. )T* * (Jaoj 

. Aid^l Qjjla. > > * * 

< 

. T * i ) (Jiill jjj IaS 4 IUU jUjL elx« <_jjj ~Y Jii^C-l i]Lk jji 


Sx d 2 2.83 = Q ii» 

\/ Sr 


(>LUI oUll 



jiuiljJ! jjjt jjoSj (^*°) Jii 


ait 4^isi jj£j jji LfiAj 

Level: - £ 

* * 
4jjjjVI fjA CjljljjJl (_ji 4 ajL'l 1 4 aU« 11 ujjiMj^all Sdljil S^|\_14 4jL)jia L...<l 

*■ 

L_uS jj t. m . oi l q4 m OVLail (j3 (jSlj . <jlj-»JI ^jl- 3 - ^JaIa^II 

* » 

i^jj n i i a l l ^_juL»a a (jJasu Ia^Jj t (Sight Tube) l_ ijm'iall a$.ljs 
. (Y • 1) Jli Float System: iul jjdl j»Usu - i 

(jjl^\ (JjLuJI £tl»u ( jlc- jjlru La I jail - (J X a, jl 1 Laljall ^aUajll IaA ^3 

ajjfl > V) Lljxll JaJJ |»JJ ASj . (Jjluill ^lau £» ^jAi A m^ Laijail AJA*. Ajjutia (jaLi 

*ro _ 




J*4 Jo 



ftlxjl L-JjMhUl 


aLi* 
>'» 


(y»i) jsi 

(JjlyJl O^yfaliJt ^jjLiA] 4^1 }j£ 
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1 - General Publications, Texts, Hand books. And Manvals (Re Fer to the 

American Water Works Association (AWWA)) for Complete list of 

publications And Recommended Texts. 

2- Moni Factures And Materiols Associations Books And Data 

• El Nasr Casting Company Abost Grey And Dnctile Castirom Pipes 

• El Nasr Company For Steel P.pes And Commodoties. 

• Segwart Company For Manifactaure of Aspestos Cement pipec And 
Vitrifiedclay Pipes. 

• Local Companies Producing Plastic Pipes And Fiber Glass Reinforced 
Plastic Pipes (GRP). 

• Prestressed Concrete Pressure Pipes Company. 

3 - Text Books And Hand books 

• T.G. Pumps Selection And Application, Ac Graw-Hill, New York 
(1957) 

• Standard Hand Book of Environmental Engineering Robert A. Corbitt- 
McGraw Hill, ZN 

• Pipe Trades Hand Book by Robert A.L.EE. Publised by Albert, Canda, 
T6E 5X2 

• Hand Book of Water Resources and Pollution Contral Edifed by 
Harryw. Gehm and Iacobl. Bregman, Published by Van Nostrans 
Reinold Company. 

• Technolog of Water Supply Systems Indeveloping Countries by H.F. 
HOFKes 

• Corrosion And Protection of Meta Gosta Wrangler (United Kingdon- 
London) 

• Design of Municipal water Pipe Systems By American Society of Civil 
Engineers 

• Corrosion Control of water waste water Pipe Systems for operators. 
H.F. HOF Kes. 
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